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Brief Summary Text (11) : 

There is also a number of publications concerning ultrasound contrast agents which 
refer in passing to possible use of monoclonal antibodies as vectors without giving 
significant practical detail and/or to reporters comprising materials which may be 
taken up by the reticuloendothelial system and thereby permit image enhancement of 
organs such as the liver-see, for example WO-A- 33 00933 , WO - A -9401140, WO- A - 9408627 , 
WO- -A- 9428874 , U.S. Pat. No. 5,088,499, U.S. Pat... No. 5,348,016 and U.S. Pat. No. 
5,469,854. In general these prior art targeted contrast agents are intended to enhance 
contrast at specific sites in the body, for example tumour cells, by using one vector 
to oind strongly to one target, in order to achieve concentration at the target cells. 
In contrast to this principle of using one vector to bind with high affinity to one 
target, the present invention is based in part on the finding that diagnostic and/or 
therapeutically active agents with more favourable properties may be obtained by use 
of multiple kinds of vector - target interactions (e.g. involving agents associated with 
a plurality of different vectors and/or with one or more vectors having affinity for 
different targets on the same or different cell types). In this way, binding of 
gas -containing and gas - generat ing diagnostic and/or therapeutic agents may, for 
example, be detained by forming multiple binding pairs between one vector with 
specificity fcr more than one receptor or between more than one vector with affinity 
for Dne or more types of target, with either lew or high affinities. Such multiple 
binding of tne ve z tor - conj ugated agent to one or more target molecules/structures may 
result in advantageous targeting properties, fcr example by enhancing target 
specificity and/or by distinguishing interactions at a desired target area from 
background interactions with lower levels of molecules/structures similar to target 
exp re s s ed e i s e whe re i n t he body . 
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e.g. a g a s - 



] n i r.g agent 



■ i f ic b i. rod i ng to 
■iv wnici: are 



i re orpo ra t i ng the ve:t jic f ol l c acid and g 1 uc a t.'.n i : ne tor ?;uitip:e-. 
folic acid £ erectors a no glutathione 3-trasferase retect uc respe-: 
o'.er-excresre^ as : cells' . Areas of Ioa target density, or, the other nand, will 

not provide sufficient interaction .with ;u:h it/.' affinity ve:t trs to bind t ne target. 
In sucr. emb o d iment s of the invention, lo-; affinity vectors may z e regarded as having 
an association constant K.sub.a for interaction .vith a target 'Title oule or structure of 
less than 10. sup. 3 M.sup.-l, e.g. less than lC.sub.7 M.sup.-l, preferably less than 
10. sup. 6 M.sup.-l. A further embodiment of this invention is thus cased on the finding 
tnat t .ne desired binding of gas - c ont a i n i n g and gas - gene r a t 1 ng diagnostic and/or 
t nerapeut i : agents may be obtained by f crmi ng binding pairs wit.n lo>.' affinity between 
more tnan one type of vector a no one or more type of targe:. Multiple vectors may 
t her fore oe used to increase specificity, so that the reporter will bind only to 
target cells or structures expressing a particular oDmoiration ■: f target molecules. 
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Pro ducts comprising two or more 
to different target molecules or 
"general purpose" agents f :u" oe t 
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Detailed description Text (05): 

\- i i i i azicidines cased on s-triazme compounds detailed above, e.g. as described by 
Ross, C. J. in Adv. ranter Res. il 054.) 2, 1, //ni ch react with nucleophiles such as 

amino groups by ring opening; 



detailed description Text (75): 
x i 1 / p> o 1 y a n n yd rices s u 0 r. as c o p o 1 y m e rvt 
c i s { 4 - c a r b ox y - p h e n ■: x y ) p> r o p a n e , w h 1 c n r 
ha de r , A . , Bp stein, J . I . , Tarn a rg 0 , F . 



of sebacic acid (octanediois acid) with 
.ve oeen s.nown in rabbit studies (see 3rem, H., 
J. , dome, A. , danger, R. and Leong, K. W. in 



cel. Censer Tner. 11030) 5, 55-65) and rat studies (see Tamargo, P. J . , Epstein, J . 
I., Reinharu, C. 3., Cnasin, M. and Brem, H. in J. Biomed. Mater. Res. (1950) 23, 
2 5 3 - 2 --:) to ce useful for controlled release of drugs in the brain witncut evident 
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targets s u r h as: F I I a F "."a , 
xirolcg, a ro a trobax , DEGF 
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>gen i s factors 
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5 1 rext o . i xase , rt ■ r 1 asm i x ogen 
smx as medroxypr loe^teror. , pentcsa: 
ar.g : est a: i n , ix:.ert eron-a Ipxa , Tie: a! 
son ^ t os t at in , t n r omo bo spend i n ; r i r r a 1 a : o ry 3 rugs s mn as propranolol; me: a bo lie 
o o: ex t xa:o rs sum as g 1 ^ : a. t .h i one ; a nt. i : me r s j. I ars sum as p— an i x osa i i sy 1 1 c arid, 
isoxiazid, sap re omy z i x sulfate, sy z losex : xe , e: hamm: ol , ethionamide, py r a z i x axi i de , 
rifampin cr s : rep : : my s 1 x sul prate; antivirais susx as acyclovir, amantadine, 
a z i a rt nymi d lxe , ricavirix or vidaraoixe; olood vessel dilating agents sucx as 
oiixize'x nifedipine, verapamil, erytnntol tetrarurrare, isosorroide dmitrate, 
x i : r og ly re r ix :r pent ae ry t h r i t o 1 : e t ran i : r a t e ; axt i o i ot i r s sum as dap'Sone, 
ch 1 orampunen iz r 1 , neomyc in, ref a r 1 o r , re f ad r rx l 1 , repxa lex i x , rep xra di xe , eryt hromy tin , 
clindamycin, li neomycin, amoxicillin, ampicill. in, b a camp i c i 1 1 i n , c a roex i c i 1 1 i n , 
di r loxanl 1 it, eye lard 1 1 in, pi zloxaei 1 1 m, xetaei 1 1 in, methici 11 ix, naf eili m, 
roen i r i 1 1 i n , rjolymvxin or tetracycline; antiinflammatories such as difluxisal , 
irouprofen, mdc me t nae i n , mec 1 e f enamat e , me fen amir acid, naproxen, phenylbutazone, 
piroxiram, tolmetiri, aspirin or salicylates; antiprotozoal sucx as ehloroquine, 
ne: rexxdaz tie, quinine :>r meglumine ax: imonate; antirheumatics sum as penicillamine; 
narcotics sum as paregoric; opiates surx as codeine, morphine or opium; cardiac 



■giv 



:<s 



ru r h as de s 1 a ne s i de , digit ox i n , d i gox in, d i g i t a 1 i n or digitalis; 



neuromuscular blockers sum as at ra curium mesylate, gal L amine t . r i e t n i C'd i de , 
xexa f 1 uo ren lux. b rom i de , me: ocu r i ne iodide, p 3 ncu ron i urn b rom ice, su::i ny 1 c n o 1 i ne 
■chloride, t ub ocu ra r i ne chloride or vecuronium oromide; sedatives such as amooarbital , 
amobanoital sidium, ap- ropo a rb i ta 1 , o,xaoarbital sodium, chloral hydrate, 
et n rh iorvynol , etninamate, flu razee am hy d r :■ m lor i de , g lut e t him i de , met h : : r imeprazi ne 
hyd r : ch lor ide , met nyp> r y box , midazolam hydrochloride, paraldehyde, pen: oca red : a 1 , 
secoc 3 rn it a 1 sodium, :alb«:al, temazepam or triazolam; loral anaesthetics such as 
bup ivaca i ne, ch 1 o r op roca i ne , et idc-c a i ne , lidc-caine, mepi vacaine, procaine cr 
tetracaine; general anaesthetics such as droperidol, etomidate, ferxoanyl citrate with 
droperidol, ketamme hydrochloride, meth:nexi:al sodium or thiopental and 
pha rmaceut ica 1 ly acceptable salts (e.g. acid addition salts sum as the hydro-chloride 
or hydrooromide or base salts such as sodium, calcium or magnesium salts) or 
derivatives (e.g. acetates) mererf. 'other examples of therapeutics include genetic 
material such as oiclei: acids, RNA, axe DKA ot natural or synthetic origin, including 
recombinant FNA and DKA. DKA encoding certain proteins may be used in the treatment of 
many different types of diseases. For example, tjmor necrosis factor or i nt e r 1 euki n - 2 
g e n e s m a. y be p r o v i d e d to treat advanced c a n r e r s ; t h y m i d i n e k i n a s e genes ma y z> e 
p-rovided to treat ovarian zanzor or it-rain tumors; i rxte r 1 eukin - 2 genes may be provided 
to treat neuroblastoma, malignant melanoma cr kidney cancer; and i n t e r 1 euk 1 n - 4 genes 
may roe provided to treat career. 



Detailed Description Text (91): 

Tumors must initiate ang i ogene s i s x'hen tney ream millimeter size in order to keep up 
tneir rate of groxm. As angicgenesis is accompanied cy characteristic changes in the 
endothelial cells and their environment, this process is 3 premising target for 
therapeutic intervention. The transformations accompanying angiogenes is are also very 
promising for diagnosis, a preferred example xeing malignant disease, but the concept 
also: xhco/s great promise in inflammation and a variety of i nf larr.ma t : on - re 1 a ted 
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u.rras:;;::: a r : e r one aes:::e: t a rge c : ::g r. as neeri a::::eve:. 

1 A; .: : :; u : -o , can be used as vectors fcr a very wide range of targets, and 

desires , toe rossiiclity of mcdifyocg affinity according :c neec et c . Wnecner or not 
antinomies ■.*.': 1 1 :e bioa:tive w ill depend on one specific ve c t o r , t a rge t comb i na 1 1 en . 
Boon c : over.: : on a I ard genetically engineered an:icodie3 cay roe employed, tne latter" 
cermictoig engineering of antibodies to particular needs, e.g. 3 s regards affinity and 
see : i f i c i ty . The use of human antibodies may oe preferred to avoid possible immune 
reactions against the vector molecule. A further useful class of antibodies comprises 
so called oispecific antibzdies, i.e. antibodies navong specificity for too different 
target molecules m one antirody molecule. Such antibodies may, fcr example, be useful 
in promoting formation of ouooie clusters and may als: be used for various therapeutic 
popoeo e.g. for carrying toxic moieties to tne target. Various aspects of 
bistoecific antibodies are describe: by McGuiroess, 3. T. et al. in Mat . Biotecnnol. 

1^1 14, 1 1 4 =■ - I 1 5 4 ; by Geotge, A. J. et al. in J . Imouncl. '1994: 111, 1 B 02 - 1 8 1 1 ; by 
Eor^rdi et al. m lancer Res. ^1993^ 53, ] j I = - 3 : 2 1 ; and cy French, ?. ?. et al. in 
lanoir Res. (1991) 51, 2 3 5 3 -1361. 

Detailed description Text (101) : 

iv) 01 lgcouc loot ides and modified oligonucleotides voch bind DNA or ?.NA through 
A3:::n-:n>: or' other types of base - pa i r 1 ng . DNA is usually only present in 
excracelluar space as a consequence of cell damage, so coat soon oligonucleotides, 
-/.'hioo .vi 1 1 usually be nor. - b i oac t i ve , may be useful in, for example, targeting of 
necrotic regions, v.onion are associated v/ith many different p a t ho 1 og i ca 1 conditions. 
Oligonucleotides may also oe designed to bind to specific DNA- or- RXA- binding 
proteins, for example transcription factors v^nich are very often nignly ove rexpressed 
-or activated in tumour cells or in activated immune or endothelial cells. 
Cc 'lit* i na tot i a 1 libraries may be used to select ol i gonuc 1 eot i des xhich bind specifically 
to- possible target molecules (from proteins to caffeine) and which therefore may be 
employed as vectors- for targeting. 

Detailed Description Text (108} : 

other p.eptide vectors an n lipopepoiues thereof of particular interest for targeted 
ultras-ouni imaging are listed, below: Atherosclerotic plague binding peptides sucn as 
Y RAD YD TOo (£EO~ ID NO : 2 2 ) , YAKFRET DEDTRDRM Y (3E0 I D NO : 2 3 ) and RALVDTE F hYKOEAGAK ( SEQ 
12 NC:24); Thrombus binding peptides sucn as NDGDFES I PEEYLO (SEC 1 ID NO : 2 5 ) and GPRG 
IzE-j ID NC:2c); Platelet binding peptides sucn as POYKKi 1 KKLLSS iSEj, ID NO : 2 7 ) ; and 
cholecysto <mi ;i , . a lpha . -me lanocyte - stimul at ing hormone, heat stable enterotoxin 1, 
vasoactive intestinal peptide, synthetic a.lpna-M2 peptide from the third neavy chain 
complementarity-determining region and analogues thereof fcr tumor targeting. 

retailed Inscription Text (110): 

a. > Heider, K. . H . , M. Yprc 1 1 , 3. S.sani, E. Patzelc, P. Beaumier, S. o-stermann, H. 
Ahorn, ano G. ?. Adolf. 1996. "Characterization of a h l gn - a f f 1 n 1 1 y monoclonal antibody 
specific for C2'44\o as candidate fco immunotherapy of squamous cell carcinomas", 
lancer I mmrurmo 1 c>gy Immunotherapy 43: 245 - 2 5 3. 

retailed jeo:rip:ion Text f 1 1 5 ) : 

E . Ban nag a, TOY 19-7. "Designing Therapies Tnat Target Timor Blood Vessels". Science 

2 75 ( Jan . 24 ) : 4 62 - 4 84. 

Detailed 2oscr i p t. ion Text ;1I7, : 

x, S. E . , and A. L. Harris. 1997. "Markers of tumor ang l ogenes i s : Clinical 
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oaticos in prognosis and an t i - ang iogen oc therapy". Investigational Uev/ Drugs 15 
15-26. 



May 199 . " Arg : ogenes i s as a target fcr * o^~ : treatment". Oncology 54 3 : 
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J. 0:io, M., H. Izumi, 3. V jshi da , D. 



i m i , N . hawanara ( 



bh jHO , b . J5H1 r: 



M. Rynco, K. Kohno, V. Sat j, and M. Ku.van: . 19 96 
cancer t reatment " . Ca:::er Shemoter. Pharmacol. 3; 



:ogio genes is as a new target 



' S jpf: 1 . 



7 8 - 382 . 



Get a i led l es :r:pti on Text '.124) : 

G. Passe, T. J., 2. A. Blnemke, and 3 . 3. 3 iegel man. June 19 97. "~ 
Tn to rial ■:■ n : mp .1 i c a 1 1 o n s for i Tia g i ng " . Racial ogy 203 i 3 ) : 593-613 
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Detailed Des :: r i p. 1 1 on Text (125): 

3a:lande: , T. J. February 19 97. " Ang i c genes i s in colorectal 
2 1 i n i c s of No r t h A me r i c a 7 7 i l ) : 2 5 3. 



ranee r " . Surgi c a J 



L'etailed Description Text (127): 

N . 3 ag l - As s i f , G . , A . T r a i s t e r , 3 . Z . Ka t z , R . Ana v i , M . E s ke n a z y , and I . P . W i t z . 
199':. " TMF . alpha . and anti-Fas antioodies regulate Ly-6E.l expression oy tumor cells: 
A possiole link between angiogenesis and L/-6S. 1 " . Immunology Letters -4: 2 0 7-213. 

detailed rescript l on Text (128): 

0. 30 r awn, L. M . , G. M:Mahon, K . App , R. S ch reck, W. R. rucnler, M. P. Longhi, T. H. 
Kui , 3. Tang, A. Gevitzki, A. 3 a z i t , I. Chen, G. Ken, 2. Orfi, W. Pisau, 1. Fl amine, 
A. Gllirch, ? ; . P. Hirth, and L. K . Shawyer . 1996 . "Flk-1 as a Target for Tumor Growth 
I nh i bi t ior. " . 3a; ce; Res. 5 6: 3 34 0 - 3 54 

retailed Lescrirtion Text (132): 

3. Yosnida, 0. A . , T. Shono, H. Izumi, T. Ishiroashi, H. Suzuki , and M. Kuwano . 1997. 
"Involvement of Inn e rleuki n - 8 , Vascular Endothelial Growth Factor, and Basic 
Fibroblast Growth Factor in Tumor Necrosis Factor Al pha - Gependent Angiogenesis" . Mol . 
Gel 1 . 3iol . 17 : 4 0 1 5 -402 3 . 

Detailed Pes :r i 1 1 i on Text (133): 

T. Gimrm, A. B . , A. S. Pepper, G. A. McManon, F. Nguyen, R. Montesa.no, and T. Maciag. 
1996. "An Ant i sense Oligonucleotide to the Notch Gigand Jagged Enhances Fibroblast 
Growth Fa zoo r - 1 ndu red Ang i ogene s i s < i n vitro>" . J. Biol. Ghem . 271 (De:. 20) : 
3 2 4 9 9-3502. 



retailed I escri.pt ion Text (138): 

Folkmar, , J. 1 9 96. Tumor angiogenesis an:: 



.s sue factorv Nature Medicine 2, 16"" 



Detailed Oescrict ion Text (139) : 

GA. Felf, M., S. LeJeune, P. A. Scott, 3. Fox , K. Smith, F. Gee-:, A. Moghaddam, R. 
Whitenouse, R. 3ic-;nell and A:3. Harris. 199". "Expression of the angiogenic factors 
vascular endothelial cell growth factor, acidic and basic fibroblast growth factor, 

ed endothelial cell growth factor, placenta 



tumor growth factor beta-1, p 1 a t e 1 e t - de r i 
growth factor and t ieiot rcphi n in human primary breast ca 
ana i oaer.es 



. Ganrer Pes . 5~ , 96 3 - 9 . 
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r reset 
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:or' v :al vessel .vail e.g 
: c _i I a r diseases in 



; e 1 w all ; e . g tv/ :ca r d i -m : , activated 
- a s e s in gene r a 1 , no rm a 1 vessel wa 1 1 
sells " E-se lectin vascular diseases 
n :rT,a 1 vessel wa 1 1 te.g my o :ar:i vr, , a- c t i v a t e d en d oc ne 1 i urn , i mmune cells ' 
vascular diseases in general, normal vessel .vail (e.g myoca rdi urn ) , 
n a oc ne 1 i urn , iT;T,vne sells " F'FTAM vascular diseases in general, normal 
vessel .vail < e . g n.o:aL"ai , activated end oc ne 1 i um , immune sells " Integrins, 
v as:-la r diseases in general, e.g. VLA-- 1 , normal vessel .val. 1 e.g '/LA- 2, VLA 3 
myocardium), activated VLA-4, VLA-5, endothelium, immune cells VLA-6, 
. net a . . s jo . 1 . a 1 C 1 n a . .sao. A . bet a . . s.^o . 1 . alpha . . sub . e , . oet a . . suo . 1 . a Ip ha . . s v.b . v , 
L PA - 1 , Mac - 1 , :04 la , et r . " GlyCAM Vessel wall in lymph nodes (quite spesific for 
lymph nodes) " IMadCam 1 Vessel wa 1 1 in lymph nodes iq^ite spe:if i : for lymph nodes) " 
fibrin Thrombi " Tissue Activated enact ne 1 i urn , Factor tumours " Myosin Necrosis, 
myocardial infaction " TEA Tumours fcarsinoem c-ryonal antigen) " Mucins Tumours " 
Multiple drug Tumours resistance protein Prostate Prostate van ser spesific antigen " 
Cat neps in E Tumours (proteases of -various e mds are -often more or less specifically 
cverexpres sed in a variety of timers - Cat heps in 5 is such a prctease'i " Transferrin 
Tumors, reseptor vessel wall MoAb 9.2.21 Tvvvts Antigen upregulatec on cell growth 
VAP-1 Adhesion molecule Band 3 L'pregulated during phagocytic protein astivity 01144 
t ut: or veils . t e t a . 1' g e ne r a 1 mi c roc 1 o o u 1 in MKC o 1 a s s 1 general antic o ay integrin 
tumors, angiogenisis s . alpha . v . bet a . : antibodies TC4 4 tnvr cells a antibodies 
.oet a.:- general d m i c r og 1 obu 1 i n an: i coiies MHC si ass I general b 



Detailed description Paragraph T.aol 



Vectors comprising sy t : i ne s • g r : wt n f a s t o r s / p ept i de hsrmones and fragments thereof 
'Vector type receptor Co mment s ha re a s of use Pef Epidermal growth EGF- receptor or 
Tumours faster related receptors Nerve growth. MGF- receptor Tamo, rs factor Somatostatin 
3T- reseptor Tumours Snoot he 1 : n Enact he 1 i r. - Vessel wall receptor Inte r 1 eu> i n - 1 
I T - 1 - recep t or Inflammation, activated cells of different '-tinds I nte r 1 eukin - 2 
I L - 2 - recept or Inflammation, activated cells of different Kinds Chemokines (ca. 
Themokine Inflammation 20 different receptors, cytokines partly proteoglycans sharing 
receptors) Tumour necrosis TNF -receptors Inflammation factor Parathyroid ?TH - receptors 
Bone diseases hormone Kidney diseases Bone BMP - recep t : rs Bone Diseases Morpnogenet i c 
Protein Calcitonin CT- receptors Bcce diseases Co bony Corresponding Endothelium 
stimulating specific factors (G-CSF, receptors, GM-CSF, M-CSF, proteoglycans IL-3) 
Insulin li^e IGF- I receptor Tumours, growth factor I otner growing tissues Atrial 
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Proteogl yeans Ang i ogenes i s 



Schwann cell proteoglycans growth factor sp 
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Detailed Description Paragraph Table (S) : 
Miscellaneous protein and pet'tide vectors Vector t 
Fef Streptavidin Kidney Kidney diseases 3acterial 
tending prote i r.s Ft- part of Fc- receptors Monocyte^ 
T ransf err : n transferrin Tumours reseptor vessel v 
tissue plasminogen activator Plasminogen, Fibrin 1 
trotecglycans proteinases Elastase proteoglycans I 

resetters Hecarin bind: no n rot ecu 1 v cans brain mitt 
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pi asm in tumcurs Mast cell 
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1 age - de r : ved E2 cf tumors J 
inflammation fumagilliri an d 
u~ -.. re Y. : ret e rf e rcn - . ga^::ia . EC 
, A i nf I a nr. at i on 
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I a: 



2 e t a : . e n .esrnp: i jr, rar agrai 
Vert:-- r-: mp- : i 3 i :t g ainicaeni; far tori? 
a : i i: f ; : rc oi-a:: gro.vtn E2 of Mxr.:; 
of t .."!■:; 5 K Ar.g i otens i n II EC of * ..m : :' 
c omp jr.er. t 5- colleger. IV casi: f icroolas 
tumorc Y. Ca 1 c i t on in gene- related E2 cf 



i 1 



;mment ; ' a re as Ve::or type Target of use ?ef 
fart jr aoeroeine E 1' of f.rr.cr: K Angiogenic EC 
K basement membrane turn :rs e.g., tenascin, M 
grc-.vtn E2 c-f cum ere K faster Eradykiuin EC of 
' - i— .rir ,T,r.n^- rpi =, t- ,=. a ~ ^ ,-, f - imcrs K peptide epd dermal growth factor EC of 
t wrou s Y. Fibrin t umors F Fibri nogen tor. ors K Heparin EC 1 of timers K nist amine EC of 
tumors Y. r.yaluror.ic arid or fragments EC of tumors K thereof 1 nt e r 1 e _ k i n - 1 . a 1 pha . EC 
of t .sec rs F 1 amir in, laminm fragments E2 of tumrrs Y. n i see i nami de E2 of :u"ijrs F 
platelet activating factor EC of fervors K p 1 a t e 1 e t - de r i ved endothelial EC of tumors K 
grower factor prostaglandins El, E2 E 2 of tumors K spermine EC of turners spermine EC 
of tamers :< Substance P EC of turners V. transfcrming growth f act :>r - . a 1 p na . EC of tumors 
K transforming grou'th factor- . beta . El" of tumors K T^mor necrcsis f ac t o r - . bet a . EC of 
t-umors Y. vascular endothelial growtn EC of t jniorur K f ac t :> r / va sou 1 a r permeability 
factor vi: rcr.e:: in A 



E>e t a : 1 e z Z e s : r 1 p t i :> n Pat ag r a ph Ta tie (12): 

Ve rt cr mc 1 e c u 1 e s utter t h a n r ec :-gn i ze d a ng i :o e ne t i r fact :>rs a' i t h < r*i :> >: n a f f ini t y f c r 
retep:crs 3^:cia:.eo xith a ng i scenes i. s Ve:: jr type Target 2 cm.ment s / a re a s c>f ^se =ef 
a ng i -cp o i e t in tjmors, E i n f 1 amma t ion . a lpha . . sub . 2 -antiplasmm tamirs, i nf 1 ammat l c n 
ccmbiuatcr i a I :vrjtv, for i net ante: r impounds iitraries, ctmpc^nds inflammation that 
bind to basement frcm membrane after degradation endoglin tamers, 1 inflammation 
endc-sialin :v:iou ( D i nf 1 amma t i -en endtstatm [tclla^ien t^m-crs, M fragment] 
inflammation Factor VII related turners, D antigen inflammation f ibr incpept ides timers, 
Z2 inflammation fibroblast grovth timers, E fatter, basi : inflammation nep>atocyte 
grcuvth t.inorv, I factor i n f 1 amma t i on insulin 1 i<.e growth timers, 3 factor inflammation 
interleukins tumors, e.g.,: I L - 5 I inflammation leukemia mnititory tumous, A factor 
i nf 1 amma t i on me t a 1 1 cp rot e i na se tumours, e.g., tatimastat E inhibitors inflammation 
Mono clonal ant ironies tumors, for instance: to inflammation angiogenetic factors or 
their teceptors, or to- components of the fibrinolytic system peptides, for instance 
:;tco:, E, v cyclic EGO. cub. 1 ! FV inflammation placental growth factor tuvmC'rs, J 
i n f 1 ammat i o-n placental tumoro, E p ro 1 i f e r i n - re la t ed inf 1 ammat i o-n protein plasminogen 
tumots, M inflammation, plasminogen activators tumors, u inflammation plasminogen 
activator tumors, U, \' inhibitors inflammation pd ate let activating tumors, inhibitors 
of angiogenesis A factor antagonists inflammation p 1 ate 1 et - der i ved growth tumours, E 
factor inflammation pleictropin tumors, 2A inflammation prodiferm tumors, E 
in f 1 amrrat l o-n prol iferin related tumors, E protein inflammation selectms tumors, e.g., 
Eselectiu 2' inflammation 3 P A ? 2 tumo-ro M inflammation snake venoms tumors, 0 
; PC2 1 - cc nt a i n i ng : inflammation Tissue inhibitor of tumor's, e a,, TIMP-2 V 
met a I 1 o p rot e i nases inflammation thro>mbin tumors, H inflammation t h romb in - receptor ■- 
tumors, H activating tetra- inflammation decapeptude thymidine turners, 2 phospho ry 1 a se 
inflammation * .se ; qr _ owth factor tumors, ZA inflammation 
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: a . . s u c . I , in. t e g l i r. . aicr.a . . 3^c. V. ce: 3 . . sue . 3 , 

su:.V.oera. .suo.5, fibrin re rectors . Intercellular adhesion tumors, F 
; 1 ana -2 inflammation Jagged gene product n.nn3 ( T i. n f I amma t i or. Ly - 6 tumors, 
a lympriecyce activation i; inflammation pr:te:n matrix owners, Z ! met a 1 lop rctemases 
mf 1 ammat i c n MM 2 class II tumors, i n f 1 amma 1 1 on No::." gene ore duct t_ ore to, T 
inflammation esteopenem turners Z RE ZAK o.oc : o alias ZZ31 ? mfiammatim plasminogen 
activator turners, 22 receptor inflammation : latere: - derive-: grower, tumors, E factor 
reoect ors i n f 1 amm.a t l on Select ins: E- , P • tumors , D inflammation. Sialyl hewis-X t umors , 
Lclood r;oap antigen X i nf 1 aoa t i or. 3 p ret ems: turners, molecular crape rones 

uiucose reouiated, i n f 1 amm.at l en heat snock families and etners synaecan t^mots, T 
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. riammatiou TI^ re:ept :uv turner- 
I i -i e a em a i n s tissue f a c : c> r c on c i e , Z 
mflammatien tissue mnibitor of toners, e.g., TIMP-Z : J met a 1 1 opr et e i. n ases 
i n f 1 a mma tier, t r a n s f o r m i n g g r o w t n 1 t. no is, E fact :r r ecept :>r i n f 1 anna t 1 e n u r o kinase - 1 yp e 
tumors, D plasminogen aotivater inflammation receptor Vascular cellular timers, D 
aonesien molecule mflammatien ( VCAM) Vascular endothelial tumors, growth factor 
related i n f 1 a mm a t i e n p r e t e i n Va scOiar e n cl : t he 1 i a 1 t urn e r s , Y g ro wt n fact e r - A 
mflammatien recept er von. Willeorand faster- ox:e, 2 related antigen inflammation 

detailed Description Paragraph Table (1-4): 

C' 1 i aoriuc 1 eot ide vectors Vector type Recent er Z omment s / a reas of use Ref 

igonucleot ides DMA made Tum.ou rs complementary te avai lable by Myocardial infection 
repeated necresis All otner diseases that sequences, e.g. mvele/es necrosis genes for 
nbosomal RNA, Al u sequences 0 1 i g enuc 1 eo t l de s DMA made Tumturs complementary te 
available by d i sea s e - spec i f i c necrosis m a mutations (e.g. region of the mutated 
relevant disease oncogenes) Oligonucleotides D\ 7 A ef infective Viral or bacterial 
■complementary te agent infections DMA of infecting agent. Triple or As in above As in 
acove examples uu ad rue I e - ne 1 i x examples firming ol i gonuc le : t i ues oligonucleotides 
ZOJA-cmding Tut. ours with recognition protein, e.g. Activated endothelium sequence for 
transcript ion Activated immune cells ZA'A- : r RXA - factors (. :ft:en binding proteins 
overexoressed/ activated in tumours or activated endothelium/ immune cells 



retailed Z'es cr ipo. ion Paragraph Table ( H) : 

?ecectors ronipn si r.g r-MA - b ind i no drugs Ve::or type Receptor C omment 3 ' a reas :f use Ref 
acrid me Z'\"A made 10. moors, derivatives avail at le cy Myocardial infarcti-on and 
dist arrive in necrosis all other diseases involving netropsin necrosis or ■other processes 
a c t i n omy c in D liberating DNA f rom cells e c h i n emyc i n b 1 eomy c in etc. 



Retailed eeserip: 1 :o Paragraph Table (16) : 
? e c e p 1 e r s c omp rising 2 MA - b i n d i ng d rug s Ve c t o r t y_ 

a c r i d i ne Z'N A made T ^ mo u rs , der ivat ives a v a i 1 able by My oc a r a i a 1 inf a ret i 
distamycin necresis all -other diseases involving netropsin necrosis or 
a c 1 1 nomyc in D 1. l be r a 1 1 ng DNA f rom ce lis ec h i nomyc in c 1 eomy tin etc. 
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Antibodies wit.n Any cT atcve Any diseased or ncrmal 
structure cf interest, e.g. determined te unknown wr.en :nromc i , turners er walls of 
durina make functional irvocard ral '/esse; s generatiC'n select i:n ef ere cess vettor 
tinamg to cnesen diseased structure Peptides xitn Any of above Any diseased cr normal 
sequence targets - or ma . structure o c interest, e.g. determined ne unknown xhen 
tnrombi, tu~.curs ei walls of durinq -axe functional mvocardial -/esse Is ueneratiori 
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B i sphosp.nonat e me onanism of action. 
F'.eszka Alfred A; Polar. Gideon A 

Department of Bone Biology and Osteoporosis Research, Merck Research 
Laboratories, West Point, FA. 19406, VSA . gideon rodani.merck.com 
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p65-74, ISSN 1523-3774 Journal Code : 100383970 
Document type: Journal Article 
Languages: ENGLISH 
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The nitroqen- containing b i sp.o os p bona t es 'N-BPs), alendronate and 

1 lsedronate, are the only pharmacologic agents shown to prevent spline and 
r.onve rt ebra 1 fractures as seriated with postmenopausal and 
giucoooft ioc id mdu:ed osteoporosis . At the tissue level, tnis is 

ach i evea through osteoclast ; nr. i b ; t : on , w.t i ch leads to reduced bone 

turnover, increased bone mass, ana improved mineralization. 
The molecular* targets cf b i spoic sp honaces '5Ps have recently been 
identified. This review will discuss the mechanism of action of BPs, 
focusing on alendronate and risedronate, which are the two agents most 
v.idely studied. They act on the cholesterol biosynthesis raceway en cyme, 
^ar'^y,-; d : phosphate synthase. By inhibiting this enzyme : n the osteoclast, 
tnev interfere w:th -e r a nv 1 ue ra n v 1 a t i on attachment of the 1 i ro i d to 
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can effectively 
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with static, sinusoidal, and 



understanding of how mechanical stimuli 
review 's hypothesis is that novel mechanical 
modulate sutural growth. Exogenous forces 
square waveforms induce corresponding waveforms of sutural strain. Sutural 
n i s accelerated upon small doses of oscillatory strain, as few as 600 
s delivered 10 mm/day over 12 days. Interestingly, both oscillatory 
'e and compressive strains induce anabolic sutural responses beyond 

turns on genes 
machinery via 
determined by 



growt 
cycle 
tensi 



natural growth. Mechanistically, oscillatory strain likel 
and transcription factors that activate cellular 
rechanotransduct ion pathways. Thus, sutural growth is 
hereditary and mechanical signals via the common pathway of genes. It is 
c-ncluded' that small doses of oscillatory mechanical stimuli have the 
potential to modulate sutural growth effectively: either accelerating it or 
initiating net sutural bone resorption for various therapeutic 
ot j ect ives . 
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European radiology (Germany Aug 2002, 
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Tn:s article illustrates the imaging characteristics of primary synovial 
■-hondromatosis :P5C'.' using 20 cases referred to a tertiary orthopaedic 

a large 
and 

radiological diagnosis of malignancy made in the referring centres. 
Fadioaranhs demonstrated fine cartilaginous mineralisation in the 



if nat-ients presented with 
rticular soft tissue mass and a suspected cl mica. 
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Dietary re commend a t i c ns and at :i let it renstrinl dysf un:ti :n . 
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Dec a rt :ren: of Nutrition and Food Management, Oregon State University, 
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Exert i a e - inane e d or athletic menstrual dysfunction amenorrrioea , 
c I i gemenorrhoe a , ato.ul at i it, luteal pnase deficiency, delayed *ner.a rche j is 
more common in active women and tan significantly affect heal tn and sport 
perf ormance . Although atnletic amenorrrioea represents the most extreme form 
c f menstrual dys f un ct i :>n , other forms can also result in suppressed 
estrogen levels and affect bone nealth and fertility. A number of 
factors, such as energy balance, exercise intensity and training practices, 
c odywe iaht ana comp cs 1 1 i on , disordered eating be.naviours, and physical and 
emotional stress levels, may contribute tc tne development of athletic 
menstrual dysfunction. There also appears to be a high degree of individual 
variation with respect to tine susceptibility of the reproductive axis to 
exercise and d iet -related stresses. The dietary issues of tne female 
athlete with athletic menstrual dysfunction are similar to those of ner 
e^meuo r rhoe i c counterpart. The most common nutrition issues in active women 
are poor energy intake and/or poor food selection, which can lead to poor 
intakes of protein, carbohydrate and essential fatty acids. Tne most common 
m. i o r onut r i ent s to be low are the bone - jou i Id i n g nutrients, especial by 
calcium, the B vitamins, iron ana zinc. If energy drain is the primary 
contributing factor to athletic menstrual dysfunction, imp rove a energy 
ta lance will improve overall nutritional status and may reverse the 
menstrual dysfunction, tnus returning the atnlete to normal reproductive 
function. Because bone nealth can be compromised in female athletes 
with menstrual dysfunction, intakes of bone -bu i Id ing nutrients are 
especially important. Iron ana zinc are typically low in the diets of 
female athletes if meat products are avoided. Adequate intaKe of the B 
vitamins is also important to ensure adequate energy production and the 
tuildi.no and repair of muscle tissue. Tnis review briefly 
discusses tne various factors c:iat may affect athletic menstrual 
dysfunction and two of the proposed mecnanisms: the energy -d ra i n and 
exer:ise- intensity hypotheses. Because energy drain can be a primary 
contributor to athletic menstrual dysfunction, recommendations for energy 
and the macro- and m i c ronut r 1 en t s are reviewed. Met nods for nelpmg the 
female athlete to reverse athletic menstrual dysfunction are discussed. The 
nealth consequences of trying to restrict energy intake too dramatically 
while training are also reviewed, as is the importance of screening 
athletes for disordered eating. Vitamins and minerals ■: f greatest 
concern for the female athlete are addressed and recommendations for intake 
are gi ven . 
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Distraction osteogenesis is currently a standard method of bone 
lengthen; no. It is a viable met rod tor tne treatment of short extremities 
as well. as extensive bone defects, ce cause large amcunts of 
bone ran be regenerated m the distraction gap. Mechanical 
stimulation cv distracf.cn induces bi: Logical responses of skeletal 
regeneration that is accomplished by a cascade of biologic processes that 
ma'/ include differentiation of p 1 ur i pc t e n t i a 1 tissue, an g i : genes i s , 
mineralization , and remodeling. There are complex interactions 
between bone- -f ormmg osteoblasts and other cells present within the 
bone microenvi ronment , particularly vascular endothelial cells that 
may be pivotal members of a complex interactive communication network m 
bone. Regenerate bone forms by three modes of ossification, 
which include int ramembranons , enchondral, and t ranschondroid 

ossifications, although mt r amembraneou s bone formation is the 
predominant mechanism of ossification. In this review we discussed 
the coupling between angiogenesis and mineralization, the biological 
and mechanical factors affecting them, the cellular and molecular events 
occurring during distraction osteogenesis, and the emerging modalities to 
accelerate regenerate bone healing and remodeling . 
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During infancy, especially early infancy, a substantial proportion of the 
requirements for energy and specific nutrients are these needed for growth. 
Plnowledge of the body composition of a reference infant (body size and 
chemical composition at the 50th centile for age) permits an estimate of 
the growth needs of the infant. In this communication, we review 
efforts from tne 1960s to the present at defining the composition of the 
male and female reference infants. We and ethers have demonstrated that 
accumulation of fat is remarkably rapid during the first 4 :r 6 months of 
life. As a percentage of fat-free mass, water decreases throughout infancy 
whereas protein and minerals increase. However, the quantitative 
nature of these changes remains uncertain. After identifying the areas m 
whioh further data are needed, we conclude that the single most important 
area fcr further work is determining the relation of "bone 
mineral content" determined by dual energy X-ray absorptiometry to 
the osseous mineral content of tne infant. 
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: Evaluation of positive properties and side effects of 
raloxifene treatment wit:: respect to its potential use as agent to improve 
women's health and qua lit;/ of life in postmenopausal years. DESTGN: A 
review article. S ETT ING : Obstetrics and Gynaecol :>gy Department, 
Charles Jniversity 2nd Medical Fatuity and Teasning Hospital Motel, Prague. 
SVRJSC7: Estrogen use may prote:t against osteoporosis and c arc i -ova s tu 1 a r 
disease, but may increase tne risK of breast cancer in long-term treated 
a omen and also may increase tne risk of irregular uterine bleeding (in 
tomb i nat l on with gestagen m non-hysterectomized women) in peroenopause 
anu p o st menopause . Drugs with t issue - spec i f i o estrogenic effects are 
termed selective estrogen receptor modulators (SERM). Tamoxifen is the 
first SERM successfully used in tne prevention and treatment of breast 
cancer. Another SERM raloxifene is widely used in tne prevention and 
treatment of oos t menopausa 1 osteoporosis, especially in women without 
c 1 i ma o t e t i c c omp 1 a i n t s . The r apy w i t n r a 1 ox : f e ne increases bone 
mineral density, lowers serum coroent rations of total and 1 o a*- der.s i ty 
lipoprotein cholesterol, and does not stimulate endometrium ana breast. 
Evaluation of another potential positive effeots (refusing size of uterine 
leiomyomas, eto. ) warrants further investigation. CONCLUSION: Raloxifene 
can be used in postmenopausal women free of olimacteric symptoms for the 
prevention and treatment of postmenopausal osteoporosis with no increased 
ris< of thrombosis and with the advantage cf positive side effects during 
the treatment. 



3 ' 3 , AE / r (Item & from file: 155) 

E> I A LOG ( R ) File 155: MED L I NE ( R ) * 

(o) format only 20-1-3 The Dialog Corp. Ail rts. reserv. 

13 780 14 2 2 22 02 060 PMID: 12213663 

Anorexia nervosa in female adolescents: endocrine and bone 
mineral density disturbances. 
Mm:z M 7; Argent e J 

D i v ision of Pediatric En do o r i no 1 ogy , Hospital Nr. lvercitari: Infant i 1 N i no 
Ces-s, A vera Menenuez Peiayo :5, E-23C:9 Madrid, Spam. 

European journal of endocrinology / European Federatim of Endocrine 
Societies ; Engl ana ■ Sep 2 002, 14^ I 3 < p2"5-86, ISSN OS 04 -464 3 
Journal 2ode: 9423545 

Do c j me n t t ype : J cur n a 1 Article; ^ e v : e w ; Ren*: e w , Tu tori a I 

Languages: ENGLISH 

Main Oitation Owner : NLM 

Fecorc type: Completed 



:n:ioence cr r.ev. cases per year :s approximate;-,' 5 - ; :■ ICC,;:: betv/ee:: 15 
ar — years of age. A number of endocrine and metabolic disturbances have 

been aesorieea ;n patients with An' including ar.encr rhe a - c 1 : g cmer.c r rhea , 
dela/ed puberty. hyp othy rc : d i so; , hypercort i so 1 1 sir. , IGF- I deficiency 
e.ect reeve aonorma I :. t les , hypoglycemia and hyp op oospha tern : a , among others. 
In addition to prolonged anenorrhea, osteopenia and osteoporosis are the 
nvost trequer.t cc mp 1 1 :a t i. c ns leading to clinically relevant fractures and 
increased fracture risk throughout life. Patients exhibit an alteration in 
t ne hypothalami z- pi tu it ary- gonadal axis, which is responsible for the 
menstrua, disirders. The ncrease in gonadot rop i n secretion that can be 
otservec after ptnderai recuperation suggests that malnutrition could be 
the m:st imptrtant mechanism involved in tne decrease in gonadotropin 
secret ion . The loss of fat tissue as a. consequence of nutrient 
restriction has been associated with hypolept memia and abnormal secretion 
of peptides implicated in food control ; neu ropep't ide V, melanocor: ins and 
ccrt.ioctrcpin - releasing factor, among others;. A review of the 
endocrine abnormalities, disturbances in neurotransmitters, as well as a 
detailed analysis of bone markers and bone mineral 
density in patients with AN is described. 
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Osteoporosis is defined as a progressive systemic skeletal disease 
characterised by low bone mass and microarchitectural deterioration 
of bone tissue, with a consequent increase in bone 

fragility and susceptibility to fracture. The clinical relevance of 
osteoporosis derives from the fractures that it produces. More than 
one- third of the adult women will suffer one or more osteoporotic fractures 
in their lifetime. The lifetime risk in men is approximately one-half that 
in women. The decrease of the bone mineral density is the most 
important cause of risk fracture. Among other factors, Ca(2+) and vitamin D 
deficiencies are important risk factors for a decrease in bone 
mineral density, consequently inducing c s tecporos i s . The high 
prevalence of vitamin D deficiency in healthy elderly people living mainly 
in southern European countries increase the risk of osteoporotic fractures 
in these populations abce those anticipated for the general elderly 
population of the European community. In addition, tne ageing of the 
Euripean population will double the number of osteoporotic fractures over 
the next 5-: years, unless adequate present at ive measures are undertaken. 
The efficacy and safety of Ca ( 2 + ! and vitamin L supplements at preventing 
bone loss and reducing the risk of hip and other fractures have been 
assessed in different cl ini cai trials, which are extensively di smssen In 
this review. 
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Bone is f -or 'Tied by a series of complex events involving the 
mineralization of extracellular matrix proteins rigidly 'orchestrated 
by cells /.'ith specific functions of maintaining the integrity of the 
bone. Bone, similar to other calcified tissues, is an intimate 
tempos ite of tne organic (collagen and non co 1 .1 ageno us proteins 1 and 
inorganic or mineral phases. The bone mineral idealized 

as calcium hydroxyapat i t e , Da 10 ■■ P04 ) (6) (. OH ) 2 , is a 

carbc-nateny droxyapat i te , approx i mated by the f ormul a : ( Ca , X ) ; 10 ) i P04 , HP04 , C 
■o*i (6) (OH,Y)2, where X are cations (magnesium, sodium, strontium ions) that 
can substitute for the calcium ions, and Y are anions (chloride or fluoride 
ions) that can substitute for the hydroxy 1 group. The current author 
presents a crief review of CaP biomaterials that now are used as 
grafts for bone repair, augmentation, or substitution. 
Commercially-available CaP b iona t er ia 1 s differ in origin (natural or 
synthetic), composition ( hydroxyapat i te , beta- tricalcium phosphate, and 
biphasio CaP), or physical forms (particulates, blocks, cements, coatings 
on met si implants, composites with polymers) , and in physico-chemical 
properties. CaP biomaterials nave outstanding- properties: similarity in 
compc s i t ion to bone mineral; tioactivity (ability to form 
bone afiatitelike material or carbonate hydroxyapat ite on their 
surfaces), ability to promote cellular function and expression leading to 
formation of a uniquely strong bone-CaP biomaterial interface; and 
osteoconduct ivi ty (ability to provide the appropriate scaffold or template 
for bone formation). In addition, CaP biomaterials with appropriate 
three-dimensional geometry are able to bind and concentrate endogenous 
bone morph ogene t i c proteins in circulation, and may become 
osteoinductive (capable of osteogenesis), and can be effective carriers of 
bone cell seeds. Therefore, CaP biomaterials potentially are useful 
in tissue engineering for regeneration of hard tissues. 
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the rely. V.':: : ' ~ the 5r; eleven a "so serves as t he body's mineral 
reservoir, roe mineralized structure :s the very basis of posture, 

lead bearing, and protects internal organs. Although the mass and 
morphology of the skeleton is defined, t: some extent, by genetic 
determinant s , it is tne tissue 's ability to recede 1 -- the local 
resorption and formation of bone- .vhicn is responsible for acnievmg 
tn:s intricate oalanse between competing responsibilities. The aim of this 
review is to address bone 's f orm- f unct 10 n relationship-, 
beginning v, itn extensive research m the musculoskeletal disciplines, and 
focusing on several recent cellular and molecular iisooveries ,vrn:h help 
understand the complex interdependence of bone tells, growth factors, 
pr/sini! s: no,] ! , -neraool i : demands, and structural responsibilities. With 
a clinical one spine oriented audience in mi no, the principles of 
bone cell and molecular biology and phys.icd.ogy are presented, and an 
attempt nas been made to incorporate epidemiologic data and therapeutic 
implications. Bone research remains interdisciplinary by nature, and 
a deeper understanding of bone biology will ultimately lead to 
advances in the treatment of diseases and injuries to bone itself. 
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Marfan syndrome is an autosomal dominant disorder of connective 
tissue that affects the cardiac, eye, and skeletal systems. More than 
135 mutations have been identified in the fibrillin-1 gene, localized on 
chromosome 15q(21.1) and responsible for the clinical manifestations of 
Mar'fan syndrome. The ma- or orthopedic manifestations of Marfan syndrome 
include scolioses, chest wall deformity, dural ectasia, joint 
hypermobi 1 i ty , and acetabular protrusion. In addition, decreased bone 
mineral density has been reported in patients with Marfan syndrome. 
This review summarizes recent developments in tne genetic and 
orthopedic aspects of Marfan syndrcme. Increased practitioner awareness of 
the clinical features associated with Marfan syndrome may facilitate 
earlier diagnosis and optimize patient treatment. 
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"rarel is * c:olex oioreramic tissue. In its fma^ L orm, enamel i^ 
. ^.'^^^i,^ t he unique molecular and cellular activities occurring 

"„>-^ 'crxanoq-resis. From the ectodermal origins :»f ame lobiast s , their 
qpne activitv anc protein expression profiles exist for the s::le purpose of 
producing a* mineralized shell, almost entirely devoid of protein, 
d-posit-d over the 'bone-like' dentine. The interface between ename, 
an-. cent me is referred to as the dentine enamel junction ana it is aiso 
unique in its biclogv. This review artitie is narrow in its scope. We 
re-t-ict our review to selected advances in our understanding of the 
qen-tic, molecular and structural aspects of enamel biology. We present a 



mod^l of enamel formation that relates gene expression to the assembly 
an' "extracellular protein matrix that in turn controls the structural 
hierarchy and mechanical aspects of enamel and the tooth organ. 
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OBJECTIVE : Based on function and 
tissue can be broadly classified into two t 
or growth- plate) cartilage and permanent cartilage, 
transient cartilage undergo terminal differentiation 
c ,=w induce cartilage-matrix mineralization , and 

disappear *nd are replaced by bone. On the other hand, 
in permanent cartilage do not differentiate further, 
h-TP.-trophio and persist throughout life at specific 
H^s and craineal rings. While many studies have described differences in 
; tnj : tu . e ma-nx -omoosition and tic logical characteristics between 
re^^nt and transient cartilage, it is poorly understood how the fates of 
"e-nan-r and transient cartilage are determined. Previous studies 
demonstrated -hat enondroevtes isolated from permanent cartilage have tne 
co^n-ial -o express markers cf the mature nypertropnic phem-type once 
-ro-n in -ultur*/ suggesting that, cell hypertrophy is an intrinsic property 
of all chonirorvces ard must be actively silenred in permanent cartilage m 
vivo. These siiencmg mec. nan isms , however, are large oy virmcm. - n tn.s 
carer, we first review nature of cii^udi .^cytes ^n .i3..^.Ci.. a ; A -* 
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The preser.ee of fibrcos tissue has long heen known to deer-ease the 
long-term survival of a root- form implant. Excessive loads on an 
os sec i nt egra t ed implant: may result in mobility of the supporting device, 
and excessive loads may also- fracture an implant component or body. 
Althcug.u several conditions may cause crestal bone loss, one of these 
msy be prosthetic overload. Excessive loads on tne bone cause strain 
cc-ndi t io.ns to increase. These microst rains cn the bone may affect tne 
bone rem: de 1 i ng rate in 3 direct re 1 a 1 1 onsn i p . Wne n strain -co na 1 1 1 c n s 
to tne inter facial bone are in tne mild overload zone, an increased 
bone remodeling response occurs, which results in a reactive xxoven 
bone formation that is less mineralized and weaker. Greater 
stresses may cause tne mterfacial strain to reach the pathologic overload 
zone and may cause microfracture of tne bone, fibrous tissue 

formation, and/or bone resorption. Recent reports suggest tnat tne 
bone remodeling rate next to an implant may be usee to evaluate 
b icmecn an : ca 1 conditions and their influence cn tne implant -tc bone 
interface. These include a number of factors, sucn as heading conditions, 
implant code surface conditions, and implant (design. For a given load 

the resultant strain at tne interface. A predeteromea goal '.-.'as established 
tc h i ..tu. g inee : a aental op . act to load tne bone at the interface :n 
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Bone is a unique tissue providing support, movement, and 
mineral balance for the body. Bone growth is achieved in the 
young by a process called mode Ling, and maintained during adulthood by a 
process termed remodeling. Three types of cells are responsible for the 
formation of cartilage and bone; the chondrocyte, osteoblast, and 
osteoclast. These cells are under the influence of a plethora of regulatory 
molecules, which govern their action to provide an individual optimal 
bone mass. Interruption of this hcmeostatic machinery, especially in 
the elderly, often results in a loss of bone mass (osteoporosis) or 
cartilage damage (rheumatoid arthritis). Many pharmacolcgical agents have 
been made available in an effort to prevent or alleviate these pathologies, 
however, one vector often overlooked is the diet. This review focuses 
on the relationship between dietary polyunsaturated fatty acids and 
bone biology, both in vivo and in vitro. 
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Localized lesions at the foot skeleton are a serious and well recognized 
complication of diabetes mellitus which may impair the clinical outcome of 
the patients remarkably. In contrast, the presence of a generalized 
bone disease or" osteoporosis related to diabetes mellitus is less 
a Crinowleaqed and its clinical relevance is less r.bv i nus . Th i p pan^r is a 
c.imca^iy focused review of the literature on osteoporosis related 



\/itr a: aretes meilitus :vce 1 shoved a -.cderately decreased bone mass 
a: forearm, v. - h : 1 e bone mass at the fe'tur cr -umrar spire was 

u: aretes meilitus type 2 tre risk of osteopenia ;s rot as clear as ir 
:vce I diabetes. Bone mineral density at tre forearm ir 
oat:erts w:::: type 2 diabetes meilitus was decreased, unchanged or even 
increased in comparison to controls, while bone mineral oersity 
at the verterrae or femoral nee!-; was either not s l gni f i c ant ly different or 
increased, but rarely decreased. The underlying mecnanisms triggering 
changes in bone mass m patients with diabetes meilitus type 1 and 
tvpe 1 are net v.eil known. In most studies there was no consistent 
relationship between the metabolic centre 1 of diabetes and bone 
mineral density. Biochemical parameters c f tre calcium and bone 
metabolism showed no clear relationship to the bone mineral 
density measurements. From, few bone histology studies in humans and 
experimental studies tre re is evidence that a decreased bone 
format ion is one major mechanism leading to reduced bone mass in 
diabetics. Microangiopathy at tne bone tissue was als: 
discussed as a possible reason for diaretis osteopenia. It was snown that 
insulin and insulin like growth factors tIGF-1, IGF-2; nave an influence on 
bone metabolism itself and otner growth factors, rytokir.es and 
hormones may determine changes in di abet is bone metabolism. Re rent 
findings suggest that leptin is involved in the regulation of osteoblast 
function and bone mass, which is of special interest in diabetes 
meilitus type 2. The clinical relevance of osteoporosis or osteopenia is 
determined by the increased risk for insufficiency fractures. Few studies 
found an increased fracture risk, especially in older women with type 1 
diabetes meilitus, while others did not snow an increased risK for 
fractures or even found a decreased rate of fractures in women with 
diabetes meilitus type 2. There is a need for further Longitudinal studies, 
including the incidence and risk factors for osteoporotic fractures. In 
clinical routine the extent of diagnostic and therapeutic activities in 
patients with type 1 or type 2 diabetes meilitus in respect to generalized 
bone disease or diabetic osteopenia should oe rased on individual 
conditions and risk profile for osteoporosis. 
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Resent developments in osseous regenerative techniques have increased tne 
demand for bone - subst i t j te grafting materials. Porous aeprote ini zed 
bovine bone mineral -!P3BM) , a biocompatible xenograft, nas oeen 
used in different osseous deficiencies prior to or in conjunction v;ith tne 
placemen: of titanium implants. The different P3BM applications in fresh 
^y^r^'"^ i 'c sl^s, anafninir- def^r-r.q, and sub ant ra 1 floor elevation 
recrniaves are described. Tee use of an occlusive barrier membrane to 
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tne osteoarticuiar system. 
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BA2?*3ROUNE> : Chondroitm sulfates ( CS ) are involved in articular 
metabolism and could be used as therapeutic agents in degenerative 
articular diseases. OBJECTIVES: To review tne published reports 
describing both the metabolism of g lycosami nog ly cans (GAG) and their 
involvement in ost eoart icular pathophysiology. METHODS: MEDLINE search for 
relevant articles and review of cited references. RESULTS : 1) CS are 
formed of disaccharide units; sulfated ga lac tosami ne residues in position 4 
or 6 are found in various ratios , depending on the age and the type of 
tissue . Binding to the core protein through N- and 0- linkages leads 
to aggregates of monomers with high moletular weights. The proteoglycan 
aggregate exhibits viscoelastic and hydration properties and an ability to 
interact with the surrcunding tissue through electric charges leading 
to protection of the cartilaginous tissues. 2) CS are synthesized both in 
chondrocytes and in bone cells by tne action of spec if it 
g lyc osy 1 - 1 rans fe rases ; their catabolism occurs in the matrix and involves 
numerous matrix (metalloproteinases) and lysosomal enzymes. 3) CS are 
inhibitors of extracellular proteases involved in the metabolism cf 
connective tissues. In addition to their ant i - inf 1 ammatory effects, CS in 
vitro stimulate proteoglycan production by chondrocytes; they also inhibit 
cartilage cytokine production and induce apoptosis of articular 
chondrocytes. CS increase the intrinsic viscosity of the synovial liquid. 
4i In vivo in experimental arthritis, the number and severity of articular 
symptoms decreases after CS administration. In bones, CS accelerate the 
mineralization process and bone repair. CONCLUSIONS: All these 
data suggest that CS play a role in articular and bone metabolism by 
controlling cartilaginous matrix integrity and bone 

mineralization. Copyright 2001 by W.B. Saunders Company 
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Tibolone and its effects on bone: a review. 
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I n 


women 


with established osteopetrosis, bone density of the axial and 





appendicular skeleton increases with tiroolone. In comparative studies, 
ti bo lone 2.5 mg/day seems to he as effective as conventional hormone 
replacement therapy regimens. There are no direct comparative studies 
oecween tiboLone and b i sphesp he nates or raloxifene. Furthermore, to 
establish the efficacy of tibclone for prevention of osteoporotic 
fractures, studies of the magnitude of reduction in fracture risk remain to 
be conducted. Finally, tibolone seems to be effective in preserving 
bone density in patients treated with gonadot ropm - re leas ing hormone 
agonist . 
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PURPOSE: To determine the ccn^entional radiographic, computed tomographic 
:CT), magnetic resonance (MR) imaging, scintigraphic, and histologic 
features of intramedullary osteosclerosis and to review the clinical 
features. MATERIALS .AND METHODS: Nine female patients with leg pain and 
imaging features indicative of intramedullary sclerosis were seen during a 
25 -year period. None of the patients had a history of trauma or infection, 
familial bone disease, or related abnormal laboratory findings. 
Imaging studies included radiography in - 9), CT n = 4), MP imaging n = 
5) , and skeletal scintigraphy in = 5) . Histologic correlation was available 
in five patients. RESULTS: Sixteen bone lesions midtibia, n - 14; 
d i s t a I fibula, n — I ; and p r C ! x " ma 1 femur n ~ 1 w^ r e r 1 d e n t Both 1 w e r 
extremities were involved in seven patients, ana a single extremity was 
involved in two. Intramedullary sclerosis was present, as was cortical 
thiokeninq, mainly in the diaphvsis of the long :>ones , without extensive 
periosteal reaction or soft -tissue .1 nvo 1 vem.er t . Findinqs at 
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Cai :Konm ( CT i , a 32 amino aoid peptide hormone produoed primarily by 
tine thyroid, and its receptor (CTR.) are well -ino'-vn for their ability to 
regulate osteoclast mediated bone resorption and enhance Ca2 + 
exoLecion by the kidney. However, recent studies now suggest that CT and 
CTRs may play an important cole in a variety of processes as wide ranging 
as embryom c / f oet a 1 deveLopmen: and sperm fun :t i cn/phys io logy . In this 
review article, -IT and CTR gene transcription, signal transduction 
ana function are addressed. The effects of CT cn the physiology of a 
variety of organ systems are discussed and tine relationship between 
polymorphisms in the CTR: 'gene and bone mineral density 
(BMD ) / csceoporos i s is examined. Recent studies demonstrating the ability of 
receptor activity modifying p. rote ins (R.AMPs) to post - 1 rans lat ional 1 y modify 
the calcitonin receptor- 1 h:e receptor (CRL?) are detailed and studies 
employing transgenic mouse technology to cetermme the temporal and 
tissue specific transcriptional activity of tne CTR gene in vivo are 
d iscussed . 
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Bone densitometry nas great potential to improve cur understanding 
of bone development. However", cenc : t omet r i c data in children rarely 
are interpreted in light of tne biological processes they reflect. To 
strengthen the link between bone densitometry and the physiology cf 
bone aeve. o pm.e n t , we r e v i ew tne literature o n p h y s i c 1 og i c a 1 
~ec;:a n : s~s arc struct! ra, ch a noes det er~ : r. : r.o bone mineral 



ana iv zed in three levels: in bone "".veer: a. 
bone ' t r a n e z u 1 a r and vertical tissue 
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nadir :n toe r : rs: "/ear i: v re ana tr.erta. tet" nvreas^^ . — .... 
trace:'.;, an bone , 3XC material alsc increases from infant;. tc 

:ef letting tne decrease m bone t u rn ove r . 3"D ■ material 
cannot be determined v/itn current ncn : nv as i ve te enn iques because of 

cortex decreases in tne first months ' after evren followed by a rapid 
mtrease during tne next 1 years ano slower manges thereafter, reflecting 
manges in noon relative bone vedume and BM1 1 material ; . Trabecular 
3x2 ; :ompa rcment 1 increases in vertebral todies but not at the distal 
radius. Quantitative oomputed tomc'grapny ■. u TT : allows for tne determination 
of both trabecular and cortical hXV ■; co mp a rt ment ; , wnereas prcjectional 
techniques such as dual -energy x-ray at so rpt 1 ome t ry iTXA; can be used only 
to assess cortical EMD i romp a rtment ] of Long bone diapnyses. 
EV.D ; t ota 1 ! of long nones decreases ty atout 30* in the first months after- 
birth, reflecting a redistribution of bone tissue from tne 
e ndo CO 1 r t i c a 1 m the periosteal surface. In children cT smo:l age and m 
a do 1 e s oen t s , r na. nge s i n EMO i. t : t a 1 ) a re site-specific. Tne re i s a ma r ke d 
rise in EMI' (total) at. lo-rati:ns w.nere relative cortical area increases 
(metacarpal tones, pnaianges, and forearm), but little change at the 
femoral neck and midshaft. EMIXt:tal) can be measured by <jCT at any site of 
the skeleton, regardless of bone shape. CXA allows tne estimatim of 
rX.: O'jtal) at skeletal sites, which nave an approximately circular 
c r : ss - se rt ion . Tne system presented here may help to interpret 
oens i t omet r l c results in growing subjects on a physiological basis. 
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This paper presents a short review of three groups of tools whim 
can be or are used for tne tissue engineering of mineralized 

oral structures: growth factor delivery systems (GFD3) and surface 
r, i :act ivat ion with covalent oound peptides or with nan omechani ra 1 ly linked 
proteins. According to the reported personal experience of the authors, 
GFDS have to face the following challenging issue before being used 
routinely m dentistry, e.g., as a tool for reparative dentinogenesis or 
bone healing: adaptation of the 3RD 3 design to the tissue where 
it will te implanted in order to deliver tne right cose of growth factor 
<GF) at the rignt time. The bioaot ] vat ion of surfaces, for example of 
dental implants, with covalent bound peptides : r nan omechani ral ly linked 
proteins represents a second innovative way to improve dental health in tne 
future. Here we repirt on tne experimental .se of cyclic RGD peptides 
grafted on polymethylmethacrylate to imprzve osteoblast adnesion. 
Furthermore, we show tne potential advantage of immobilizing and 
incorporating collagen I on titanium imp. 1 ant surf a res. Tnese techniques :r 
a combination of them will help to create improvements, for example, of 
dental implants :n the near future. They will also help tc promote 
bone and dpnmn r^appp ra t in r. . 
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3oel. lac disease is the must comm:n disorder with malabsorption of the 
small intestine, caused by the gluten fraction of cereals in genet icallv 
predisposed individuals. T-cell mediated autoimmune processes are initiated 
ty vluten exposure, leading to both intestinal and extraintestinal 
manifestations, therefore coelia: disease is nowadays considered to be a 
systemic disorder. More and more diseases are proved to be associated with 
ooeliac disease, in these conditions screening is strongly recommended. The 
studying of the recently explored autoantitodi.es against tissue 
transglutaminase brought us further in the understanding of the 
pathophysiology of coelia: disease. The spreading of reliable serologic 
methods modified cur knowledge on the clinical picture and prevalence of 
the disease. In case of long -term dietary abuse the most common 
comp 1 :ca t ions are decreased bone mineral density and 
development of lymphomas. Sustained glutenfree diet results in clinical and 
histological restitution, affects the course of associating diseases 
beneficially and decreases the risk for malignancies. 
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Isteopontin iOPN) is a highly phosphorylated sialoprotein that is a 
prominent component of the mineralized extracellular matrices of 
bones and teeth. OPN is characterized by the presence of a polyaspartic 
acid sequence and sites of Ser/Thr phosphorylation that mediate 
hydroxy spat i te binding, and a highly conserved ROD motif that mediates cell 
attachment /si gna 1 ing . Expression of OPN in a variety of tissues indicates a 
multiplicity of functions that involve one or more of these conserved 
motifs. While the lack of a clear pnenotype in OPN "knockout" mice has not 
estahiisned a definitive role for OPN in any tissue, recent studies 
riave provided some novel and intriguing insignts into the versat : i : t; of 
tris eniam.atic protein in diverse b i o 1 c>a i ra 1 ^"^r. ^~s, in^iudvno 
ieve,cp;:;e:vai processes, wo on :i ileal mg, immunological res torses, 
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Raloxifene is a selective estrogen receptor modulator that partially 

m bone and the s a rd i ova sou la r 
ar.t i est rogen in endometrial and breast 
-controlled studies involving 

pores is, raloxifene 60 to- 150 



ne effects cf estrogens 
syote t. , wh i 1 e funtticni ng a s a n 
tissue . In randomised placeb: 
postmenopausal women, or patients witn os: 
mco day /.'as effective in increasing bone mineral density ( 3MZ0 
ever 13- to 36-month periods. At the 60 Tig/day recommended dosage, 
increases of 1.6 to 3.4*, 0.9 to 2.3% and 1.0 to 1.6% we i e reported in 
lumbar spine, femoral neck and total hip, respectively, versus = cr -0.5% 
with placebo-. Raloxifene 60 -cr 120 mg/day decreased the risk of vertebral 
fractures :ver a 3 5 -month period in postmenopausal patients witn 
os t e op o r os i s . Significant reductions in radiographic fracture risk, versus 
(30 and. 5 3%) occurred regardless of whether patients had existing 



1 .a cebc 

fractures at baseline. Al enough raloxofe: 
incidence of n orve r t ebra 1 fractures, a reductizn in tne incncer.ee of ankle 
fracture was reported in comparison with p latere. In. postmenopausal /.omen, 
raloxifene 6 3 mg/day significantly reduced serum levels of total and low 
density lipoprotein cholesterol from case line, compared witn placers. Hign 
density 1 i p- or- rot e i n cholesterol and triglyceride levels were unaffected. 
Raloxifene 60 or 120 mg/day reduced the r no cf invasive breast cancer zy 
76* during a median of 40 morons' foll:w-up in postmenopausal patients with 
osteoporosis and no history of breast cancer. A relative risk reduction cf 
90? was reported for est roger. - recept or positive invasive breast caroers; 
est. ronen - reoept cr negative cancer risk /.-as unaffected by raloxifene. 
Raloxifene was generally well tolerated in clinical trials at dosages up to 
iy ; ma/cay. Adverse events thought to be related to raloxifene treatment 
were hot flushes and leg cramps. Venc-us thromboembolism was the only- 
serious adverse event thought to be related t: raloxifene treatment and a 
relative risk of 3.1 compared with placeb: treatment was reported in 
patients witn osteoporosis. Vaginal bleeding c ecu r red in < cr =6.4* of 
r a 1 oxi f ene - 1 re at ed women but was reporter: toy 33 to 38% of tno.se receiving 
estrogens or hormone replacement tnerapy (HPT) . Raloxifene treatment was 
not asseoiated with stimulatory effects on tne endometrium. 30 OC LLL3 1 001 Z : 
ignif icant ly increases EMZ in pes t menc p a u s a 1 women and reduces 
a e t u re risk i n oatients with o s t e : z o ro sis. In clinical trials, 



P. a 1 ox i f ene 

real oxi fene was general 1 
aitrojgn its propensity to 
vasomotor symptoms. In parti 
: r : u m and t n e re du c t. i on 
attractive 



we 11 tolerated 



)ared with t laser 3 and HP T 



cause hot flushes precludes use i: 



• n ~ ^ . 



ErnOC 

■* a ■ ox i f e ne as 



' a s i o' 
' n a t i 



lack of stoolat. 
e breast zar.zev 



.dense indicate 
; management of 



:■ a u s a . 



o , s 



Application of i bra: : era spectroscopy to toe study of mineralized 
tissues review . 
3a r den A; Morris M D 

L 5 .~\ . 

J:irta: of biomedical optics 'UNITS: 1 STATES ' Jul 2000, 5 3 ■■ 
p2E9-65. ISSN 1CB3-3663 Journal Scde : 9605 353 
3: nt ract/ 3rart !o.: T32 GMCB353; 3V. ; NIGMS 

Document type: Iiurtal. Article,- Revie 1 .:; Reviev;, Tutorial 

L a nguages : ENGL I S H 

M a i. n 3 1 1 a t i on Own e r : NLM 

Record type: 'Completed 

Tne infrared and Raman spectroscopy of bone and teeth tissues are 
re-; i ewe i . Characteristic spectra are obtained for both the mineral 
an: protein components of these tissues. Vibrational spectroscopy is used 
to study the mineralization process, to define the chemical structure 
changes accompanying bone diseases, an j to characterize interactions 
between prosthetic implants and tissues. Microspectros ropy allows 
acquisition of spatially resolved spectra, with micron scale resolution. 
Recently developed imaging modalities allow tissue imaging with 
chemical conpos i t ion contrast. 
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Role of pericytes in vascular calcification: a review. 
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Pericytes are defined by their location in vivo; the pericyte partially 
surrounds the endothelial cell of the microvessel and shares a common 
basement membrane with it. As an integral part of the microvasculature , 
pericytes play a fundamental role in maintaining local and tissue 
homeostasis. Current evidence also suggests that pericytes function as 
progenitor cells capable of differentiating into a variety of different 
cell types including osteoblasts, chondrocytes and adipocytes. It is now 
apparent. that cells resembling microvascular pericytes, and termed 
1 per icyt e - 1 ike ' cells, nave a widespread distribution in vivo. 
Per i :;yte - 1 i ke cells have been identified in the inner intima, the outer 
media, and in the vasa vasora of the adventitia of large, medium and small 
human arteries (i, 2) . Moreover, recent studies have suggested that these 
cells may oe responsible, at least in part, for mediating the calcification 
commonly associated with atherosclerosis (1, 3, 4j . In tnis review, 
we a) examine the evidence that microvascular pericytes deposit a 
bone- like mineralised matrix in "i:ro ( b< compare the 
morphological and biochemical proper!:, les of microvascular pericytes, 
■ca 1 r ; fvi ng vasoular veils ' OW? :■ and 1 ^la-pira 1 ' pmon-n h^j^^i^ r~(=>] ,p ■ SM^s ■ 
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The skeleton is a complex tissue, and hormonal control of 
bone remodelling is elaborate. Tne important rc le tnat steroid 
hormones p- 1 -a>* in bone ceil development and in the maintenance of 
normal bone architecture is well established, but it is only 
relatively recently tnat it has become possible to describe their precise 
mechanism of action. This review f excuses not only on tne steroid 
hormones (oestrogens, corticosteroids, androgens and progesterone), but 
also on related hormones (vitamin D, thyroid hormone and the retinoids), 
all of wnich act via structurally homologous nuclear receptors that form 
part of the steroid/ thyroid receptor superfamily. By examining the actions 
of all of these hormones in vivo ana in vitro, this review gives a 
general overview of the current understanding of steroid hormone action in 
bone. In addition, a comprehensive review of steroid normone 
receptor expression in bone cells is included. Finally, the role that 
future developments, such as steroid normone receptor knockout mice, will 
play in our understanding of steroid hormone action in bone is 
cons i de red . 
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ABSTRACT: Bone remodelling is an important process both throughout 
growth and in adult life. Tne homeostasis of bone tissue is 
maintained by tne balanced processes of bone resorption and 
formation. Imbalance can give rise to a broad spectrum cf skeletal 
pathologies, of which osteoporosis, characterized by a decrease m 
bone density leading to increased fracture risk, is the best known 
because of its nigh prevalence and consequently hign socio-economic 
i mpa-^t , At t^p ■.-ippn s i *~ f=- ^nd of ^h^ spprt nim, pp'.'^ra 1 genet i o conditions 
d : sre* av : no tec much bone are situated. Main v. because of their 




Molecular genetics of calcium sensing in bone cells. 
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AESTrACT: The molecular mechanisms regulating bone remodelling are 

only partially understood. One of the controversial issues discussed 
during the past few years is the role that calcium signalling plays in 
this process and, in particular, in the functioning of the osteoclast. 
Calcium is involved in the recruitment and activation of osteoclasts and 
their subsequent detachment from bone. Parathyroid hormone and 
vitamin D are part of a systemic mechanism regulating calcium 
availability, storage and disposal. But there are conflicting results 
suggesting the presence of a local ca lc ium- sensing mechanism in 
osteoclasts, in osteoblasts or in both. If this system could be 
characterized, it would be of therapeutic relevance for diseases such as 
postmenopausal osteoporosis and rheumatoid arthritis. Genetic data, 
animal models and cell -based assays have not yet been used to their full 
extent in this area. Here we review the available data and outline 
possible future strategies. 
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re corrvr.en d a c i jns of increased dietary calciuT are cased on published 
reports in :r.e literature. Current understandings of bone 

remodeling suggest that, usual hign :a Iciuci intakes could slow the rate of 
bone resorption tnrougn suppression of parathyroid normone ( PTH ,; . 
Such a redact i :>n in bone turnover could result in a mcdest but 
transient increase in 3MD for a year or more. Presumably' this high 
tain urn intake would also diminish the formation of new bone 
tissue, as bone turnover is siov/ed. The major question 

regarding reduced turnover rates in elderly women (and men ) following 
calcium supplementation is whether recently formed microfractures will be 
adequately replaced wnen PTH concentrations are so significantly reduced 
oy the hign calcium consumption. A brief review of tne use of the 
mu 1 1 i - f a ct .or i a 1 approach to establishing rational nutrient intake 
guidelines for calcium, including the important role of physical activity 
in maintaining bone in the elderly, is offered. The Asian paradox 
of low-calcium intakes and low hip fracture rates is also considered. A 
goal of this review is to try to find a reasonable compromise on 
setting the calcium recommendation for elderly subjects in the US and 
■■Canada, and, perhaps, in much of the world. Whether meeting that goal 
requires the use of a daily supplement of calcium to achieve nutrient 
adequacy has not been established yet, but recent dietary intake surveys 
suggest that elderly American subjects, especially women, can not ingest 
even 300 mg of calcium per day without a supplement. 

2001 
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ABSTRACT: Objective. To study 7 risk factors for low bone mineral 

density \ HMD , g/cm ) in patients with systemic lupus erythematosus 
Methods: Ni nety - tv.o consecutive patients with SLE followed by 
rheumatology faculty between 199~^ and 1 999 completed a quest icnna 
regarding } i f es ty "i e during the c ] ' rh c vsv, a chart review '.vac 
performed, and data v:ere collected for the : : ve of tne first dual 
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Is enough attention being given to the adverse effects of corticosteroid 
therapy? . 
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ABSTRACT : Background: Although the corticosteroids are valuable 

ant i - inflammatory and immunosuppressive agents, they also possess many 
potential adverse effects, especially with continued use. In particular, 
long-term corticosteroid exposure carries a significant risk of 
osteoporosis. Aim: To review the use of corticosteroids m patients 
presenting to the mayor teaching hospital in Tasmania, Australia; 
principally to determine whether patients receiving long-term 
corticosteroid therapy were being monitored for loss of bone 
mineral density and offered preventive therapy for osteoporosis. 
Methods: A retrospective review of the medical records for 212 
consecutive patients admitted to the medical wards of the hospital over a 
5 -month period and receiving treatment with either oral or inhaled 
corticosteroids, was performed. An extensive range of demographic and 
clinical variables was recorded for each patient. Patients were also 
qjestioned about diet and exercise, and whether they had undergone tests 
for measuring bone mineral density or blood glucose. Fesults: 
Tne median age of the patients was £9 years (range: 15-90 years/ and 58% 
were female, over half (51%) of tne patients were on oral corticosteroids 
only, with 26* using inhaled cort i cost ere i ds only, ana 21% on boon oral 
and inhaled corticosteroid therapy. The most common conditions for which 
patients were receiving corticosteroid therapy were asthma ; 3 " * of 
oat : ent s ■■ , chronic obstructive pulmonary disease and rheumatoid 
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1 us ions: 0~r findings, which are consistent with the results of 
es in animals, as well as in vitrc and epidemiologic dietary studies, 
s: that current levels of vitamin A supplementation and food 
fi ration in many Western countries may need to be reassess-; 
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Ax st ra zt 

Background: Juvenile Paget ' s disease, an autosomal recessive 
osteopathy, is characterized ry rapidly remodeling wo*/ en bone, 
osteopenia, fractures, and progressive skeletal deformity. The molecular 
basis : s not known. Osteoproteger in deficiency could explain juvenile 
Paget ' s disease because osteoproteger in suppresses bone turnover by 
functioning as a decoy receptor for osteoclast differentiation factor alsc 
rail ed P AMP' 1 i gand ' . 

Methods: We evaluated two acca rent 1 v unrelated Lavage catients with 
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Abst ra ct 

Backcround: Sequence variants m the gene encoding estrogen receptor 
alpha) (ER-(alpha>) may modify the effects of hormone - replacement therapy 
on levels of high-density lipoprotein (HDL) cholesterol and other outcomes 
related to estrogen treatment in postmenopausal women. 

Methods: We characterized 3C9 women with coronary artery disease who 
were enrolled in the Estrogen Replacement and Atherosclerosis trial with 
respect to eiaht previously descnoed and two ne/.viy identified ER- (alpha) 
r 3.1 vmorph i sms , and we examined the association between these polymorphisms 
hn6 tne' response of HDL cholesterol an: other lipids to treatment with 
estrogen alone or estrogen plus progestin. 

Results: After adjustment for age, race, diabetes status, body-mass 
index, smoking status, alcohol intake, and frequency of exercise, the 13.9 
nerrenr on v.e women who had the 1 23 1 - 4 j 1 C: C jeuotype j .e., w.tn C on 
cctr chromosomes in intervening sequence I at position 4C1 before excn 2 




E p_ alcha^ 1VS1-401 Z/'C genotype, ■: r several jtner loosely related 
genotvres, have an Pigmented response of HDL rholesterol to 
hornovr - replacement; therapy. iM Engl J Med 2 0 : 2 ; 3 4 6 : 96 ~ - 7 4 . } 
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Abstract 

Background: B i sphosphona tes are effective agents for the management of 
osteopc rosis . Their low bioavailability and low potency necessitate 
frequent administration on an empty stomach, which may reduce compliance. 
Gastrointestinal intolerance limits maximal dosing. Although intermittent 
intravenous treatments have been used, the optimal doses and dosing 
interval have not been systematically explored. 

Methods: We studied the effects of five regimens of zoledronic acid, 
the most potent bi sphosphonat e , on bone turnover and density in 3 51 
postmenopausal wom.en with low r bone mineral density in a 
one-year", randomized, double-blind, placebo-controlled trial. Women 
received placebo or intravenous zoledronic acid in doses of 0.25 mg , 0.5 
mg, or 1 mg at tnree-mcnth intervals. In addition, one group received a 
total annual dose of 4 mg as a single dose, and another received two doses 
of 2 mg each, six months apart. Lumbar-spine bone mineral 
density was the primary end point. 

Results: There were similar increases in bone mineral 
density in all the zoledronic acid groups to values for tne spine that were 
4.3 to 5.1 percent higher than those in the placebo group (P<0.001) and 
values for tne femoral neck that were 3.1 to 3.5 per rent higher than those 
m tne pi aceoo groip (F<:-.001). Biochemical markers of bone 
resorption were significantly suppressed throughout the study in all 
zoledronic acid gr:ups. Kyalgia and pyrexia oocurred mo-re commonly m the 
zoTedronic acid gr:ups, but treatment-related dropout rates were similar to 
that in the placebo group. 

'"or c 1 us : ens : Zoledronic at" id infusions ai—^r. at intervals of up to one 
-.'ear c reduce effects on bone turnover arc bone dens : t y as great 
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Abs t r 3 ct 

Background: Progressive osseous he t eror 1 as va (POH), an autosomal 
dominant disorder, is characterized by extensive dermal ossification during 
■::v I lno:d ; followed by disabling and widespread Heterotopic ossification of 
skeletal muscle and deep connective tissue. Occasional reports of 
mild heterotopic ossification in Albright's hereditary :>s teodyst rophy (AHO) 
,and a recent reprc of two patients witn AHO' '.vho had atypical ly extensive 
note ret epic cs s l f l o at ion suggested a c ommon genetic basis for the two 
disorders. AHO is caused by heterozygous inactivating mutations in the 
GNA31 gene that result in deer-eased expression or function of the alpha 
subunit of the stimulatory G protein (G(sub s) (alpha)) of adenylyl cyclase. 

Met. nods: We tested the hypothesis that GNAS 1 mutations cause POH , 
using tne polymerase chain reaction to amplify GNAS I exons and exon- intron 
boundaries in 1? patients witn sporadic or familial POH . 

Results: Heterozygous inactivating GNA J 1 mutations were identified in 
13 of tne 15 prooands with POH. Tne defective allele in POH is inherited 
exclusively from fathers, a result consistent with a model of imprinting 
for GNAS 1 . Direct evidence that the same mutation can cause either POH or 
AHO- was observed within a single family, in which the phenotype correlated 
with the parental origin of the mutant allele. 

Conclusions: Paternally inherited inactivating GNA31 mutations cause 
POH. This finding extends the range of phen: types derived from 
naploi nsuf f ic iency of GNAS 1 , provides evidence that imprinting is a 
regulatory mechanism for GNAS 1 expression, and suggests that G(sub 
s) (alpha'- is a critical negative regulator of osteogenic ccm.mitment in 
nonosseous connective tissues. (N Engl J Med 2 002;346:99-106.) 
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Abst ra:t 

Background: Treatment with a gonacotropin-releasing hormone agonist 
decreases bone mineral density and increases the risk of 

fracture in men with prostate cancer. We conducted a controlled study of 
the prevention of osteoporosis in men undergoing treatment with a 
gonad :>tr:>pin- releasing hormone agonist. 

Methods: In a 4 8 -week, open- label study, we randomly assigned 47 men 
with advanced or recurrent prostate cancer and no bone metastases to 
receive either leuprolide alone or leuproli.de and pamidronate (60 mg 
intravenously every 12 weeks) . Bone mineral density of the 
lumbar seine and the proximal femur was measured by dual -energy x-ray 
absorptiometry. Trabecular bone mineral density of the lumbar 
sp-ine was measured by quantitative computed tomography. Forty-one men 
completed the study. 

Results: In men treated with leuprolide alone, the mean (+/-SE) 
bone mineral density decreased by 3. 3 + / -0.7 percent in the 

lumbar spine, 2 . 1 + / - 0 . 6 percent in the trochanter, and 1.8+/-0.4 percent in 
the total hit, and the mean trabecular bone mineral density of 
the lumbar spine decreased by 8. 5 + / -1.8 percent (P<0.001 for each 
comparison with the base-line value) . In contrast, the mean bone 
mineral density did not change significantly at any skeletal site in 
men treated with both leuprolide and pamidronate. There were significant 
differences between the two groups in the mean changes in bone 
mineral density at 48 weeks in the lumbar spine iP<0.001) , trochanter 
. P = 0.003; , tctal hip (PO.005) , and trabecular bone of the lumbar 
s r n e ■ p = o n ^ 
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Abstra c t 

Background: Onre-daily injections of parathyroid hormone or its 
amino-termmal fragments increase bone formation and bone mass 
without causing hypercalcemia, but their effects on fractures are unknown. 

Methods: We randomly assigned 1637 postmenopausal women with prior 
vertebral fractures to receive 20 or 40 micrcg of parathyroid hormone 
; 3 4 or placecc, administered s ubcut aneous - y by the women daily. We 
~ b " a ; r r ' d " ° ^ t e Jt a 1 radiographs at base line and a t~ *~ h ^ n d of t n e study 




doses of car .-a thy re- id hormone increased bone mineral density by 

9 and 13 more percentage points in the lumbar some and by 3 and 6 more 

percentage ooints in the femora, neck; the 4 C mi or:g dose decreased 

bone mineral density at the share of the radius oy : more 

percentage ooints. Boon doses increased total -b:dy bone mineral 

bo 2 tc 4 more percentage points than did placebo. Parathyroid hormone had 

only minor side effects (occasional nausea, and neadache). 

conclusions: Treatment of postmenopausal osteoporosis with parathyroid 
normone il-34': decreases the risk of vertebral and nonverteoral fractures; 
increases vertebral, femoral, and total --body bone mineral 
ciensitv; and is well tolerated. The 40-microg dose increased bone 
mineral density more than the 2 0-mi:rog dose but had similar effects 
on the risk of fracture and was more likely to have side effects. (N Engl J 
Med 20 CI ; 3 44 : 14 34 - 4 1 . ) 
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Abstract 

3a ^ grcund : Hip fractures are common in frail elderly adults 
worldwide. We investigated the effect of an anatomically designed external 
hip protector on the risk of these age-related fractures. 

Methods: We randomly assigned 1801 ambulatory but frail elderly adults 
(1409 women and 392 men; mean age, 82 years), in a 1:2 ratio, either to a 
group that wore a hip protector or to a control group. Fractures of the hip 
and all other fractures were recorded until the end of the first full month 
after 62 hip fractures had occurred in the control group. The risk of 
M-act.r- in the two groups was compared, and in the hip -protector group the 
risk of fracture was also analyzed according to whether the protector had 
been in use at the time of a fall. 

Results: During follow-up, 13 subjects in the hip -protector group had 
a Vp fracture, as compared with 67 subjects in the control group. The 
respect -/e rates of hip fracture were 21.3 and 46.0 per 1000 person-years 
(relative hazard in the hip -protector group, 0.4; 95 percent confidence 
interval 0 2 to 0.8; P=0.008). The risk of pelvic fracture was slightly 
bu- not significantly lower in the hip -protect or group than in the control 
group (2 subjects and 12 subjects, respectively, had pelvic fracture) 
irPlatrv hazard, 0.4; 95 percent confidence interval, 0.1 to 1.8; P 
qr-ater 'Vqual 0 OS). The risk of other fractures was similar in the two 
groups/ In the hip -protector group, four subjects had a hip fracture (among 
10^4 falls) while wearing the protector, and nine subjects had a hip 
fracture (among 370 falls) while not wearing the protector (relative 
hazard 0 2; 95 percent confidence interval, 0.05 to 0.5; P=0.002). 

Conclusions: The risk of hip fracture can be reduced in frail elderly- 
adults by the use of an anatomically designed external hip protector. ( N 
Engl J Med 2 : 0 0 ; 3 4 3 : 1 5 0 6 - 1 3 . > 



3/3, AE/ 62 a tern 2 7 f r Dm file: 444' 

D I ALC'G i P.' 1 Fi 1 e 444:New England journal of Med. 
l c) 20C3 Mass. Med. Soc. Ail rts. reserv. 



0 012 4 9 8 

Copyright 2 000 by the Massachusetts Medical Society 
Primary rare: Reducing the Risk of Breast ranter Review Article' 
Ch 1 ebov.sk i , Rowan T. 

The Kev England Journal of Medicine 

Jul 2 1, 2000; 34 3 ( 3 ) , pp 191-198 

LIME COUNT: 00 3 93 WORD COUNT: 0 5428 



3/3,AE-54 (Item 29 from file: 444) 

2i I ALOG ( R i Fi le 444:New England Journal of Med. 
(c) 200 3 Mass. Med. Soc . All rts. reserv. 

0 012 04 0 1 

Copyright 2000 by the Massachusetts Medical Society 

A Comparison of Observational Studies and Randomized, Controlled Trials 
(Special Articles) 

Benson, Kjell; Hartz, Arthur J. 

The Ne-v England Journal of Medicine 

Jun 22, 2000; 342 {25', pp 1878-188b 

LINE COUNT: 0 0347 WORD COUNT: 04801 

Abstract 

Background: For many years it has been claimed that observational 
studies find stronger treatment effects than randomized, controlled trials. 
We compared the results of observational studies with those of randomized, 
controlled trials. 

Methods: We searched the Abridged Index Medicus and Cochrane data 
bases to identify observational studies reported between 1985 and 1998 that 
compared two or more treatments or interventions for the same condition. We 
then searched the Medline and Cochrane data bases to identify all the 
randomized, controlled trials and observational studies comparing the same 
treatments for these conditions. For earn treatment, the magnitudes of the 
effects in the various observational studies were combined by the 
Mantel -Haenszel or weighted analysis -of -variance procedure and then 
compared with the combined magnitude of the effects in the randomized, 
controlled trials that evaluated the same treatment. 

Results: There were 136 reports about 19 diverse treatments, such as 
calc :um- channel -ol ozker therapy for corcnary artery disease, appendectomy, 
and interventions for subf ert i 1 i t y . In m:st cases, the estimates of the 
treatment effects from observational studies and randomized, controlled 
triads were similar. In only 2 of the 19 analyses of treatment effects did 
the rcmb^ned magnitude of the effect in observational studies lie outside 
r^cv-p.-*- ^n r f iderr* interval f or tne combined m.aanitude in the 
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Abstract 

Background: Cardiovascular disease is common in older adults with 
end stage renal disease who are undergoing regular dialysis, but l:ttle is 
known about the prevalence and extent of cardiovascular disease in children 
and young aduLts with end- stage renal disease. 

' Methods: We used electron-beam computed tomography (CT) to screen for 
coronary - artery calcification in 3.9 young patients with end-stage renal 
disease' who were undergoing dialysis (mean +/-SD] age, 19 + / -7 years; range, 
7 to 30) and 60 normal subjects 20 to 30 years of age. In those with 
evidence of calcification on CT scanning, we determined its extent. The 
results were correlated with the patients' clinical characteristics, serum 
calcium and phosphorus concentrations, and other biochemical variables. 

Results: :ione of the 23 patients who were younger than 20 years of age 
had evidence of coronary-artery calcification, but it was present in 14 of 
the 16 patients who were 2 0 to 30 years old. Among those with 
calcification, the mean calcification score was 1157 + / - 1996, and the median 
sec re was 2 97. 3y contrast, only 3 of the 60 normal subjects had 
calcification. As compared with the patients without coronary- art ery 
calcification, these with calcification were older (26+/-3 vs. 15+/-5 
years, P-:0.001- and had been undergoing dialysis for a longer period 
Q4+/-5 v 's. 4 + ,'-4 years, P<0.001). The mean serum phosphorus concentration, 
the mean calcium-phosphorus ion product in serum, and the daily intake of 
calcium were higher among the patients with coronary - artery calcification. 
Among 10 patients with calcification who underwent follow-up CT scanning, 
the calcification score nearly doubled (from 125+/-104 to 249+/-216, 
P=0.C2) over a mean period of 2 0+/ -3 months. 

Conclusions: Coronary - artery calcification is common and progressive 
in young adults with end-stage renal disease who are undergoing dialysis. 
iN Engl J Med 2 0 0 0;342:1473-83.) 
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STUDY DESIGN- A literature review was conducted. OBJECTIVES. To 
review the discovery of the bone morphogenet ic proteins and 
describe the bone morphogenetic protein products that will or may De 
available for clinical use. SUMMARY OF BACKGROUND DATA : Bone 

morphogenetic proteins comprise the osteoinductive component °f several 
tissue engineering products in late-stage development as replacements 
for autogenous bone graft, and for bone augmentation and 
repair MET-ODS : The literature on bone morphogenetic proteins 
■■■a- reviewed FESULTS: Bone morphogenetic proteins were discovered 
original lv 'on the basis of their presence in osteoinductive extracts of 
bone matrix. Molecular cloning of bone morphogenet i c 

p!^ e ^f dLonst rated that they are a family of related differentiation 
faAors -ach capable of inducing the formation of new bone 
tissue '-when imolanted. Two of the molecules in rlinica. use 
^^nan- human bone morphogenetic protein-2 and recombinant human 
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bone morphcqeneti: protein- (DP-li are produced in a biotechnology 

• • j„„.,., r ;k^ni-!eir ^rin recnnoioqv i_n 



-e-om : -^a-^t deoxvribonucieic acid technology that offe 
:";V;:: e ^ s .,;-i-- " ari substantial control over purity and reproducib 
l':t - t ^, d material, bovine bone morphogenetic protein 

;,Aac-* is extracted from bone, c:;d :or.tair.3 a mixture c f bone _ 
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Recent advances in tissue engineering: an invited review, 
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Tissue Engineering Group, School of Pharmaceut i ra 1 Sciences, University 
of Nottingham, NG 7 2RD, UK. 
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2002, 12 (1) pl-33, ISSN 1 0 5 0 - - 9 3 4 Journal Code: 9 1 10 33 0 

Document type: Journal Article; Review; Review, Academic 
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Tissue formation within tne body, as part of a development or 
repair process, is a complex event in which cell populations 
sel f -assemble into functional units. There is intense academic, medical, 
and oommercial interest in finding methods of replicating tnese events 
outside the body. This interest has accelerated with the demonstration of 
tne engineering of skin and cartilage tissue in the laboratory and 
there is now worldwide activity in the in vitro regeneration of tissues 
including nerve, liver, bone, heart valves, blood vessels, bladder, 
and kidney. Approaches to tissue engineering center on tne need to 
provide signals to cell populations to promote tell proliferation and 
differentiation. This review considers recent advances in methods of 
providing these signals to cells using examples of progress in the 
engineering of complex tissues. 
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This review attempts to encapsulate the relevance of steroid 
hormone action in : he periodontal tissues, during inflammation, 
repair and in response to currert treatment modalities. Periodontal 
p a ^ h ■~"~t^ s m^tab^lis^ steroid h^'r^^n^P whv'i rrr] ; -~i mnr n hiif p *~n tneir 



: nf 1 amm.a t cry repair . The functions cf j:c:or:ic:id5, androgens, 
oestrogen and progesterone on connective tissue and bone, are 
applicable to the pe r : ode n t : on , be irg target tissue. This results in 

cvcie, pregnancy ano tne menopause. The effects cf oral c cn t ra cent i ves and 

tne re 1 at i ens n i p between sex steroid hormones and ce r .1 o dont a I healtn. 
Receptor expression and the role of tne specif 10 enzyme inhibitors, S'^ch as 
tne ant i - androgen finasteride and the ant i - ces t rogen tamoxifen, confirm 
target tissue activity for steroid .norm ones in tne periodontium. Tne 
pro -anabolic and ant i - inf 1 ammat ory actions of tetracyclines, are an 
intriguing model for bormone mediated pathways of action. The effects of 
tne specific a 1 valine phosphatase inhibitor ievamisoie on matrix 
turnover are linked to sterchd hormone action, with direct implications on 
the healing periodontium. Drugs which contribute cc> gingival overgrowth are 
an interesting model, for explanation of an exaggerated 'soar tissue' 
response mediated by hormones, cytokines and a variety of enzyme systems. 
Cell dynamics of the periodontium plays an important role in co-ordinating 
tne diverse interactions between steroid hormones and therapeutic agents. 
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Osteopont i n : a key cytokine in ce 1 1 -mediated and granulomatous 
inf 1 ammat ion . 

0 1 Regan A; Berman J S 

Tne Pulmonary Center, Pulmonary and Critical Care Section, Boston 
University School of Medicine, USA. 

International journal of experimental pathology (England) Dec 

2000, SI (6) p373-9C, ISSN 0959-9673 Journal Code: 9014042 

Cont ra Ct / Crant No.: HL04343; HL; NHLBI; HL63339; HL; NHLEI; P50-HLE6386; 
HL; NHLEI 

Document type: Journal Article; Rev lev:; Review, Academic 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Osteopont in (Opn) is a secreted adhesive, glycosylated phosphoprotein 
that contains the arginine -glyc ine -aspart ic acid (RGD) cell -binding 
sequence that is found in many extracellular matrix (SCM) proteins 
(for a review of Opn see References I'enhardt & Quo 1993 ; Patarca et 
al . 1 993 ; Kittling & Denhardt 1999). Since its initial description m 1979 
as a secreted protein associated with malignant transformation, Opn has 
been independently discovered by investigators from diverse scientific 
disciplines, and has been associated with a remarkable range of pathologic 
responses. Opn is an important bone matrix protein, where it is 
tho'ught to- mediate adhesion of osteoclasts to resorbing bone. 
However, studies from the past decade have identified an alternative role 
for Opn as a key cytokine regulating tissue repair and 
inflammation. Recent work by our laboratory and that of others has 
underlined the importance of Opn as a pivotal cytokine in the cellular 
immune response . Despite this Opn is net well known to the immunolog i st . In 
this review we will fecus on studies that pertain to the role cf Opn 
in ce 1 1 -mediated and granulomatous inf 1 ammat ion . 
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7: -e advances in ciomedicme over the past decade nave provides 
revolutionary insights into molecules that mediate cell proliferation anu 
di of erent lat: i on . Findings on the complex interplay of ceils, growth 
farters, matrix molecules and ceil adnesion molecules in the process 
of tissue patterning have vitalized the revolutionary approach of 
bi oregenerat ice medicine and tissue engineering. Here we review 
tne imoact of recent work in this interdisciplinary field on the treatment, 
of musculoskeletal disorders. This novel concept comoines the 
t ransrlantat 1 on of oluriootent stem cells, and the use of specifically 
ta-Voi'ed biomaterials, arrays of bioactive molecules and gene transfer 
technologies to direct the regeneration of pathologically altered 
musculoskeletal tissues . 
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The first goal of this review is to describe a local plasmid gene 
transfer technology known as the gene activated matrix (GAM) . GAM was 
the first gene therapy designed specifically for tissue engineering 
applications, and the' mechanism, of action of plasmid gene transfer is 
closely tied to the normal sequence of events associated with wound 
heaLmo. The normal sequence cf wound healing events is stereotyped for 
most tissues, and one assumption has been that GAM could serve as a 
platform technology for local gene delivery in various tissues and organs. 
This hypothesis essentially has been proved: animal studies over the past 6 
vears have established that plasmid genes can be delivered to acutely 
inhered tendon, ligament, bone, muscle, skin, and nerve. The second 
goal of the review is to describe the nrost likely "first use" of the 
technology in man, namely, treatment of osteoporotic hip fracture in the 
elderly. 'Although not universally appreciated, interest in osteoporotic 
fracture should grow because of epidemiological, surgical, and societal 
considerations. These considerations, plus the unmet clinical need 
associated with the current standard of fracture care, justify efforts to 
develop novel therapies fcr bone regeneration and repair in the 
elderly. 
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3 TRACT: Desrvlte the recognition that degene ra t i ve cartilage disorders 
like osteoarthritis OA) and osteochondritis dissecans (OCE) may have 
nutritional abnormalities at the root of their pathogenesis, balanced 
dietary supplementation programs have played a secondary role in their 
management. This review emphasizes the importance and rede of 
nutritional factors such as glucose and glucose-derived sugars (i.e. 
glucosamine sulfate and vitamin C) in the development, maintenance, 
repair, and remodeling of cartilage. Chondrocytes, the cells of 
cartilage, consume glucose as a primary substrate for ATP production in 
glvcolvsis and utilize glucosamine sulfate and other sulfated sugars as 
structural components for extracellular matrix synthesis and are 
dependant on hexose uptake and delivery to metabolic and biosynthetic 
pools. Data from several laboratories suggests that chondrocytes express 
multiple isoforms of the GLUT/SLC2A family of glue cse/polyol 
transporters. These facilitative glucose transporter proteins are 
expressed in a tissue and ce 1 1 - spec i f i c manner, exhibit distinct 
kinetic properties, and are developmental ly regulated. They may also be 
regulated by endocrine factors like insulin and insulin-like growth 
factor I ;iOF-I) and cytokines such as inter leukin 1 beta -IL-lbeta) and 
tumour necrosis factor alpha ■: TIJF - alpha ) . Recent studies suggest that 
degeneration cf cartilage may be triggered by metabolic disorders of 
glucose balance and that OA occurs coincident with metabolic disease, 
endocrine dysfunction and diabetes mellitus. Based on these metabolic, 
endocrine and developmental considerations we present a novel hypothesis 
regarding the role cf glucose transport and metabolism in cartilage 
physiology and pathophysiology and speculate that supplementation with 
sugar-derived vitamins and nut raceut i ca 1 s may benefit patients with 
degenerative j oint disorders . 
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Heart disease is the leading cause of death in the United States for both 
men and women. Nearly 50% of all cardiovascular ceaths result from coronary 
artery disease. Occlusion of the left coronary artery leads to ischemia, 
infarction, necrosis of the affected myocardial tissue followed by 
scar formation and loss of function. Although myocytes in the surviving 
myocardium undergo hypertrophy and cell division occurs in the border area 
of the dead tissue , myocardial infarcts do not regenerate and 
eventually result in the death of the individual. Numerous attempts have 
been made to repair damaged myocardium in animal models and in humans. 
Bone marrow stem cells (BMSC) retain the ability throughout 
adult life to self-renew and differentiate into cells of all blood 
lineages. These addt BMSC have recently been snown to have the capacity to 
differentiate into multiple specific cell types m tissues other than 
bone marrow. Oar research is focused on the capacity of BMSC to 
form new cardiac myocytes and coronary vessels following an induced 
myocardial infarct in adult mice. In this paper we will review the 
oata we have previously published from studies on the regenerative capacity 
of BMSC in acute ischemic myocardial injury. In one experiment donor BMSC 
were injected directly into the healthy myocardium adjacent to the injured 
area of the left ventricle. In the second experiment, mice were treated 
-,;i-h ^vok i n^s ~<~, mnbi : ^ ze r h e i r BMSC into the circulation on the theory 
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St^rn -ells are currently at. the center of both controversy and notoriety. 
ThV "harvest cf human embryonic or fetal stem cells, at least with methods 
available now, necessarily involves the sacrifice of the embryo or fetus. 
This critical step in the procurement of stem cells has stimulated intense 
discussion at all levels of academia, government, and society in general. 
What societal renefits, if any, justify such a strategy for obtaining these 
stem cells? In other species it has been possible to generate virtually ail 
cell tvpes found in adult organs from embryonic stem cells. This ability 
has opened endless clinical possibilities for tissue and organ 
replacement through the transplantation of cells derived from embryonic 
stem cells. Luckily, there may be an alternative to this ethical dilemma. 
It is becoming increasingly clear that stem cells exist in many, if not 
all, adult tissues. Adult stem cells normally replenish tissue cells 
lost through the wear and tear of aging or damage from injury or disease. 
With the proper coaxing in tissue culture and when transplanted, 
these stem cells may regenerate the full repertoire of organotypic cells 
and thus may therapeutically regenerate tissues in vivo in much the same 
way as embryonic stem cells do. For several reasons, the best -studied stem 
cells are those of the blood-forming system. Mature blood cells 
generally have short functional life spans, usually measured in days, and 
therefore require replenishment at a steady pace throughout one's lifetime. 
Stem cells are intimately involved in this renewal and, because of the 
relative ease cf access to the bone marrow, stem cells have 
been well studied. Second, bone marrow transplantation 
following radiation or high-dose chemotherapy in the treatment of cancer 
has fostered research on the basic biology and therapeutic uses of 
hematopoietic stem cells over the mere than 30 years stem cell 
transplantation has been used clinically. It is my aim to review what 
is known about the genes controlling hematopoietic stem cell function. 
Identifying, and ultimately manipulating, the genes that regulate stem cell 
number/ replication rate, and self-renewal capacity may have important 
clinical benefits. I discuss evidence suggesting that the characterization 
of least some of these stem cell genes will shed light on mechanisms 
important in the aging process. I advance the hypothesis that stem cells 
accumulate cellular damage during aging that diminishes their developmental 
potency and ability t :> replenish blood cells, particularly after 
hematot oiet 1 z stress. In this view, the impaired function of stem cells in 
hematopoietic and in Dther sel f - renewing tissues limits the longevity of 
animals, and perhaps of numans . 
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PURPOSE: T01 describe recent characteristics of incidence, risk factors, 
treatment, ana out. tome of venooccl usive disease iVOD) in children and young 
adults undergoing blood and bone marrow transplantation 

(BM'D . METHODS: All children and young adults in = 241) undergoing first 
mye loablative transplant at the UCSF Pediatric BMT unit between 1992 and 
20-; 0 were included. Retrospective chart review was done. Descriptive 
statistics and univariate and multivariate analyses of risk factors are 
presented. RESULTS : Venoocc 1 us i ve disease developed in 65 patients (27%); 
it was severe in 13/65 patients ;20%). Matched unrelated donor 
tr anspiantat ion , advanced - stage malignancies, and transplantation in the 
recent period 1] 998-2000 1 were identified as significant risk factors for 
VOD in univariate and multivariate analyses. Heparin prophylaxis aid not 
decrease the incidence of VOD . Venoocc lusive disease was diagnosed at a 
median day 6 after BMT. Five of 13 patients with severe VOD '.38%; survived 
for more than 1 year after 3MT, even after renal and respiratory failure 
and high total bilirubin levels up to 35 mg/dL. Nine of the 13 patients 
received fibrinolytic treatment with tissue plasminogen activator, 
anti - thrombin 3, or defibrotide. The survival rate at day 100 after BMT for 
children with VOD was 77%; it was 94% for those without VOD. CONCLUSIONS: 
The persistently high incidence of VOD, its significant impact cn 
posttransplant survival, and the demonstration of recovery frcm even severe 
VOD underscore the importance of early diagnosis and initiation of specific 
therapy. The use of Bearman 1 s model of prediction of severity of VOD and 
the application of fibrinolytic drugs when adequate are highly recommended. 

9/3, AE/ 4 (Item 4 from file: 155) 

DIALOG (R) File 155 : MEDLINE ( R ) 

(c) format only 2003 The Dialog Corp. All rts. reserv. 

14339463 22035402 PMID: 12021492 

Neural stem cells: plasticity and their t ransdi f f erent iat ion potential. 

Vescovi Angelo; Gritti Angela; Cossu Giulic; Galli Rossella; et al 

Stem Cell Research Institute, DIBIT H. San Raffaele, Milan, Italy, 
vescovi . angel cv. hsr . it 

Cells, tissues, organs (Switzerland) 2002, 171 (l) p64-76, 
ISSN 1422-6405 Journal Code: 100883360 

E'ocument type: Journal Article; Review; Review, Tutorial 

Languages: ENGLISH 

Main Citation C wn e r : NLM 

Record type: Completed 

Tne presence of resident stem cells in adult tissues is cf fundamental 
importance for the maintenance of their structural and functional 
integrity. In fact, thrcughcut life, somatic stem cells attend to the 
critical function cf substituting terminally differentiated cells lost to 




or^oiri - has come f roT. me reported a - .-.' a -:er : rig cf a later.: hemopoietic 
developmental capacity in stem cells isolated from the adult mammalian 
tram following their transplantation into sub - let na 1 ly irradiated mice, 
yore recent Iv, it has been shown that adult neural stem cells can 
differentiate into a wide array of bodily ceils of different origin when 
in jetted into the blastocyst and into myogenic cells when transplanted into 
the adult regenerating skeletal muscle. Moreover, bone marrow 
stem cells can now gi"e rise to skeletal muscle, hepatic and brain cells, 
whereas muscle precursors can generate blood cells. In this article, 
we review some of the basic notions regarding the functional 
rrwperties cf the adult neural stem cells and discuss findings in the 
expanding area of trans-germ layer conversion, with emphasis on the neural 
stem cell. Cipyright 2002 S. Karger AG, Basel 
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The therapeutic potential of stem cell research is very promising. 
Although arising ethical questions, especially in the field of embryonic 
stem cells (ES), it is astonishing how, in the last few years, the 
potential application of stem cells for treating proliferative as well as 
degenerative diseases, is becoming increasingly evident. It was recently 
demonstrated that somatic stem cells showed unexpected plasticity similar 
to ES. In fact, if somatic stem cells are exposed to proper stimuli they 
can differentiate into a multitude of cell types that may be different from 
those of the tissue they belong to. In addition, it was recently 
demonstrated that circulating blood stem cells, probably of 
bone marrow origin, were recruited at the sites of injury to 
regenerate or repair damaged tissues. Very little is known about renal stem 
cells. Although the great capacity of the kidney to regenerate injured 
nephrons is well established, renal somatic stem cells have yet to be 
identified. The question we are now faced with is whether renal stem cells 
exist and, if they do exist, where do they reside. In the attempt to answer 
this question, the present review will focus on the achievements both 
in the fields of somatic stem cells and renal embryogenes i s and in the 
field of renal repair and regeneration mechanisms. 
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Ideally, the bone marrow core biopsy should oe reviewed with 
knowledge of the clinical history, complete blood count, and findings 
in tne peripheral blood and bone marrow aspirate smears. 

However, for a variety of reasons, the pathologist may receive the core 
biopsy and aspirate clot section without, all of this information. Although 
tnis appr:ach is not optimal, a great deal of valuable information can be 
generated from these specimens. Over the past 2 0 years, there has oeen 
considerable progress in the fields of flow cytometric analysis, 
irnxunon 1 stochemi ry , and molecular diagnostic studies that can be 
performed on smears or extracted DMA from, paraffin embedded tissue. 
These modalities have augmented and refined diagnostic criteria formerly 
ascertained by light microscopy, cytochemistry, and cytogenetics. This is 
particularly true of some myeloid and lymphoret 1 cular neoplasms where a 
col I aborat i ve and m.ul t idi scipl i nary approach to the diagnosis has become 
necessary. Despite this growing complexity and dependence on newer 
methzdc logies, the traditional role of h l st opathology in evaluatina the 
bone marrow biopsy remains as important as it has been in the 
past. In this review , we focus on ccntempc rary practices and 
expectations fcr interpreting bone marrow biopsies and clot 
sect; ions . 
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Intravascular lymphoma 1 IVL) is a rare anisotropic large- cell lymphoma in 
which neoplastic lymphocytes proliferate within the lumina of blood 
vessels in the absence of a primary ext rava scalar mass or leukaemia. A 
retrospective review of veterinary medical records identified 17 
cases of canine IVL. Spinal cord ataxia (seven dogs), posteri :>r paralysis 
(cne cog) , seizures (four dogs) and vestibular disease 'three dogs) 
dominated the clinical presentation. Haemorrhage, ischaemia, and occasional 
tooi of vascular proliferation were found in tissue sections from 
affectec dogs. Vessels, predominantly veins, throughout tne tody were 
frequently filled with neoplastic lymphocytes. Splenic involvement occurred 
in only one of 10 cases examined and bone marrow 'involvement 
was aosenr ;n four vases pyanj hph . F^r^^ ' in -fixed paraffin wax - ^"iredded 
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The mononuclear phagocyte system (MPS) was defined as a family of cells 
comprising bone marrow progenitors, blood monocytes, and 
tissue macrophages. In this review, we briefly consider markers 
for cells of this lineage in the mouse, especially the F4/80 surface 
antigen and the receptor for macrophage colony-stimulating factor. The 
concept of the MPS is challenged by evidence that there is a separate 
embrvcmc phagocyte lineage, the blurring of the boundaries between 
macrophages and 'other cells types arising from phenotypic plasticity and 
t ransdif f erent: i a t ion , and evidence of local renewal of tissue 
macrophage populations as opposed to monocyte recruitment. Nevertheless, 
there is a umtv to cells of the MPS suggested by their location, 
morphology, and shared markers. We discuss the origins of macrophage 
heterogeneity and argue that macrophages and ant igen - represent mg dendritic 
cells are closely related and part of the MPS. 
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3. This trafficking is potentially hi - di reot i ma 1 , and even 
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pancreatic cells able to form hepatcoytes, for example. In this 
review we ■.-.'ill detail some of tnese findings and attempt to explain 
their biological significance. 
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In this/ review , we describe the platelet surface molecules with 
special focus on the polvnorphic glycoproteins giving rise to the human 
platelet alloantigen (HPA) system. We list the platelet glycoprotein 
complexes GPIa/IIa, GPIIb/IIIa, GPIb/V/IX and some ether molecules, the 
corresponding genes that encode them, and we describe their polymorphisms as 
we:, 1 as their physiological function. Based on data obtained by serological 
and molecular methods, we explain how ancestral HPA alloepitopes have 
developed into the modern variants. We also describe the tissue 
distribution of these proteins, which seems to be wider than thought 
initially, and discuss the significance of the HPA encoding genes 
distribution in various populations. Methods for their determination are 
then described briefly Since HPA alloepitopes can induce antibodies with 
resulting clinical conditions such as: pos t - 1 rans f us ion refractoriness to 
platelets ( PTR > ; post -transfusion thrombocytopenic purpura (PTTP); and 
fet-ma-ernal allcimmune thrombocytopenia ( FKAI T ) , the mechanism of this 
alloimmunization and its prevention is described. Although the humoral arm 
is more important from the clinical viewpoint, the activation of the 
cytotoxic arm by HPA alloepitopes is also possible. These polymorphisms 
also seem to have a role in certain other clinical circumstances, therefore 
their irmoact on cardiovascular diseases and haemostatic disorders as well 
as their' role in the transplantation of solid organs and bone 
marrow is addressed. We conclude that luring the last decades, the 
research of the platelet memcrane molecules contributed considerably to the 
diagnostics, prevention and therapy of the blood coagulation and 
haemostatic disorders, to the management of the neonatal thrombocytopenias, 
transfusion-related thrombocytopenias , refractoriness tc platelet 

transfusions anj autoimmune disorders. It also changed our view on the role 
rf H PA alloepitopes in bone marrow and solid organ 
transplantation. In' the future, this accumulated knowledge will oe useful 
c t ' • ^ ■ ■ 1 ■ ' ,_ '^e n v " o ^ *~ ^ r ' cc 1 1 bocoi thcraroes and immune ^'"h^: l a *~ : on nf 
cot:: acquired and hereditary diseases. 
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Tne newly described phenomenon of stem cell plasticity raises interesting 
biological questions and offers exciting opportunities in clinical 
application. This review uses tne we I 1 - est anl i shed practice of 
blood and marrow transplantation as a paradigm to explore the 
clinical consequences of this finding. Recently proposed non-my eloablat ive 
conditioning regimens have shown that mixed donor-host hematolymphoid 
chimerism can be established with relatively low toxicity in both animal 
studies and human trials. Hematopoietic growth factor treatment of 
transplanted patients can mobilize a large number cf donor stem cells to 
migrate from marrow to non - hematopoiet ic organs. We propose that 
these advances, in conjunction with the developmental plasticity of stem 
cells, can constitute components of a clinical strategy to use blood 
and marrow transplantation as a platform to treat systemic diseases 
involving nc-n - hematopoiet i c tissues. 
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Under experimental conditions, tissue- specif ic stem cells have been 
shown to give rise to cell lineages not normally found in the organ or 
tissue O'f residence. Neural stem cells from fetal brain have been 
shown to give rise tc blood cell lines and conversely, bone 
marrow strcmal cells have been reported to generate skeletal and 
cardiac muscle, oval hepatocytes, as well as glia and neuron- like cells. 
This article reviews studies in -which cells from postnatal bone 
marrow or umbilical cord blood were induced to proliferate and 
differentiate into gloa and neurons, cellular lineages that are not their 
normal destiny. The review encompasses in vitro and in vivo studies 
witn fO'Cus on experimental variables, such as the source and 
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Although only less than 10% of women with primary breast cancer have 
cl inicopathologic signs of evert metastases, metastatic relapse occurs in 
about half of tne cases with apparently localized tumors within five years 
after surgery. In 23* of the patients, bone marrow metastases 
are detectable at first relapse and this rate even increases in patients 
with metastatic breast cancer. However, he mat ogeneous or lymphatic spread 
of occult tumor cells can arise before diagnosis at an early stage of 
primary tumor growth and is regularly underestimated by currently available 
clinical and pathologic staging procedures. We studied cytokerati n-posi t ive 
(Cr>) cells in the bone marrow (3M) and tumor markers in the 
blood of 1 2 ? patients with primary breast cancer in order to obtain 
an early diagnosis of residual disease. In a second study, we monitored 
rytokeratin (CK) , T-1A positive cells in the BM and peripheral blood 
stem tells (PBSC! to evaluate whether dose intensive or high-dose 
(HI0 -chemotherapy can eliminate mi crometas tases in high-risk breast cancer 
patients. The overall CK+ rate was 34% (44/128 patients), 29^ (15.51) for 
patients with Tl tumors, 33* (28/84) for NO patients and 31% (26/82) for 
patients with CI- I breast carcinoma. Interestingly, 6 7%, of CF.+ patients 
were only positive in one of the two 3M aspirates studied. At least one 
tumor marker including care inoembryoni c antigen, carbohydrate antigen 15-3 
and tissue polypeptide antigen, was increased in 58/123 f 4 5 > ) 
patients [21/58 (36%) were CK+ in the BM] . Surprisingly, levels for the 
extracellular domain of Her-2/neu in serum samples were within tne normal 
range in every patient studied. After a 2 -year follow-up, 7/128 patients 
relapsed (3/7 *C?>/TM-; 2/7 CK-/TM+; 2/7 CK-/TM-). We concluded that 
studying two BM aspirates for CK+- cells by immunocytochemi s t ry in 
combination with tumor marker determination is useful for identifying 
patients with a higher risk for relapse. A tumor cell enrichment technique, 
applied in 7 0 patients prior to i mmunccytochemi s t ry using dynabeads 
directly coupled to an antibody (BerEp4) targeting the 1^-1A antigen, did 
not enhance the detection rate of disseminated turner cells in this patient 
^rour-. We monitored CK + /17-1A+ tells in the BM and PBSC and studied 
Her-i/neu serum levels of patients with locally advanced (n = i:-, group 1) 
ana metastatic breast canter (n=30, group 1 ; . CK+ cells were found in the 
5M cf 3/13 2 3 - group 1 patients before but not after chemotherapy 
resulting in an overall survival (OS} of 92% after a median follow-up of 33 
months. Contamination of PBS7 in 2/9 ^22*) patients was not associated with 
decreased survival. In qrocp 2 patients, the CK+ rate was 60* '18/30 
tatierts before and 40% ■ 4 : 0 natients after theracv with an CS rate of 
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PURPOSE: To evaluate the feasibility and complications of placement of a 
low-profile venoms access port in the chest in children requiring long-term 
venous access. METHOD: A low-profile peripheral arm port (PAS port; Sims 
Del tec, St. Paul, MN, USA) was implanted in the chest in 22 children over a 
4 -year period. The mean age of tne study group was 6 years I range : 9 months 
to 2C years) . Ports were placed for the administration of chemotherapy, 
hyperalimentation and frequent blood sampling. Sonographic guidance 
was used to access the internal jugular or subclavian vein in each case. A 
review of all inpatient and outpatient charts was undertaken to 
assess catheter performance and complications. RESULTS : Access to the 
central venous circulati:n was Successfully achieved in each case without 
complication. Ports remained implanted fc°r 65 7 9 cat net e r - days (mean: 2 99 
days). Ten ports nave been removed. Of three patients (13*) experiencing 
device- related infections (0.45 i n f e c t i ons / 1 C 0 C catheter days), two (9.1%) 
were unresponsive to antibiotics ana removed (C.3 infect ions / 1 000 catneter 
days). One port was removed because of pain in the shoulder adjacent to the 
port implantation site. One port was removed because of difficult access. 
The final port was removed in order to place a dual -lumen catheter prior to 
bone marrow transplant. Twelve ports remain implanted. 
Aspiration occlusion occurred in four patients (13%). Deep venous 
tnromoosis did not occur in any patient. CONCLUSION: Low-profile chest 
ports placed by interventional radiologists in the interventional radiology 
suite can be placed in children as safely as traditional chest ports placed 
in tne operating room. The incidence of infection, venous thrombosis and 
aspiration occlusion is comparable to that of ports placed operatively. 

9/3,AR/15 'Item 15 from file: 15 Ei 

DIALOG F lie 155: MEDL INE R .< 

■■ c .■ format oniv 2 0 33 Tne Dialca Core. All rts. reserv. 



Mast cell b vre rr 1 a s i =i : role of o.-o^k : ues . 



2002, 12" 2 pllr 22, ISSN i:iS 2.35 Journal :c3e: 3211652 
i:ccumenc tvpe: Journal Article; ?.ev:ev;; Review, Tu:cr:a. 
Languages: ENGLISH 
Main 1: :a:: :n Owner: NLM 
Record type: Completed 

Mas: eel 1 hyperplasia is found i r. different path elegies sum as :hron;c 
inflammatory processes, fibrotic disorders, wcund healing cr neoplastic 
tissue transformation. The functional significance c>f tne 
a oc emulation :f mast cells m these processes is largely unknown. It is now 
establisned t:ia: bone marrow -derived mast cell progenitors 
circulate in peripheral blood and subsequently migrate into tne 
tissue where tney undergo final maturation under the influence of 
local microenvi r or.mental factors. Cytokines are of particular importance 
for mast cell recruitment, development, and function. Stem-, cell, factor 
<£C?: is a unique mast cell growth factor, since mast cells disappear 
complete lv m tne absence of Sir. However, several other cytokines such as 
IL-3 and 1 1 -- 4 have oeen shown to influence mast cell proliferation and 
function als:. This review focuses on the role of cytokines in the 
regulation of mast, cell hyperplasia. Copyright 20C2 S. Karger AC, Basel 
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After embryonic development, the vast majority of cells are 
differentiated and all organs are in place. Growth of the organism then 
ensues and continues until adulthood, whereupon cell division largely 
ceases. In some tissues, notably the bone marrow, skin, and 
gut, cell proliferation continues throughout life to replace cells lost by 
attrition. This regeneration is fueled by rare, long-lived, and largely 
quiescent stem cells that give rise to committed progenitors, which in turn 
generate large numbers of fully differentiated cells. Mounting evidence 
suggests that such cells can significantly contribute to tissue 
repair and regeneration in adults and may therefore prove beneficial for 
autologous cell and gene therapies. This review focuses on the 
potential of adult stem cells to give rise to hematopoietic and vascular 
cells. We discuss evidence that a highly purified population of adult stem 
ceils, termed S? cells, serves as a hematopoietic progenitor and can 
contribute to vascular regeneration after injury. We also discuss the 
potential relationship of these cells to- the embryonic hemangic blast . 



=-/3 # AE/17 (item 17 from file: 155) 

[ I ALOG 1 F: 1 File 1 5 E : MEDLINE (R) 

c .' format onlv 2 00 3 The Dialoq Coro . All r* 



cells: pi a 



'55" 



:y and developmental potent 

j a 1 1 : Rcssella 



Journal of physiology, Par:? r ranee Jan-Mar 2002, ; 

:ia:n ri ratio:: Owner: NLV 
Fe:cri type: Completed 

Sr. em ceils rl ay an essential role during the processes of em: 
tissue formation and development and in the T^intenanse of 
tissue integrity an: renewal throughout adulthood. The 
di f f e rent i a t : in potential of stern cells m adult tiss.es has been thought 
to be limited to sell lineages present m the organ from which they derive, 
out there is evidence tnat somatis stem sells may display a oroader 
differentiation repertoire. This has been documented for bone 
marrow stem tells iwhisn can give rise to muscle, hepatic and brain 
:el.lsi and f : r muscle precursors, which tan turn into blood cells. 
The adult central nervous system i.CNS) has long been considered incapable 
:>f cell renewal and structural remodeling. Resent findings indicate that, 
even m postnatal and adult mammals, neurogenesis does occur in different 
brain regions and that these regions actually contain adult stem cells. 
These cells tan be expanded both in vivc and ex vivo by exposure to 
different combinations cf growth factors and subsequently give rise to a 
differentiated progeny comprising the major cell types of the CNS . Almost 
paradoxically, adult neural stem cells display a multipotenoy much broader 
than expected, since tney can differentiate into non-CNS 

mesodermal -der Lvat lves , such as blood cells and skeletal muscle 
ceils. We review the recent findings documenting this unforeseen 
plasticity and unexpected developmental potential cf somatic stem cells in 
general and of neural stem cells in particular. To better introduce these 
concepts, some basic notions on the functional properties cf adult neural 
stem cells will also be discussed, particularly focusing on the emerging 
role of the microenvironment in determining and maintaining their peculiar 
charaoterist res . 
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Herpesviruses are among the most successful human pathogens. In healthy 
individuals, primary infection is most often inapparent. After primary 
infection, the virus becomes latent in ganglia or blood mononuclear 
cells. Three major subfamilies of herpesviruses have been identified based 
on similar growth characteristics, genomic structure, and tissue 
predilection. Each herpesvirus has evolved its own unique ecological niche 
within the host that allows the maintenance of latency ever tne life of the 
individual i e . g . the adaptation to specific cell types in establishing 
latent infection and the mechanisms, including expression of different sets 
of genes, by which the virus remains latent . Neurotropic 
a 1 p h a n *=- me sw r u s e s become latent in dorsal rco-t oanoiia and r p act ; "ate *~ ^ 
:iroa\:ce epidermal ulceration, either localized merpes simplex tvees 1 and 
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The pharmacokinetics and tissue dose of chemicals may differ among 
individuals Dt a population, particularly between adults and children. The 
adult -children differences in pharmacokinetics arise from age-related 
changes in tne physiological, biochemical, and phys icochemica 1 determinants 
of uptake and disposition of chemicals. The objectives of this study were 
to review the published literature to assemble data on the human body 
weight and organ weights as a function of age (specifically between birth 
and 13 yr old) and to analyze these data, in order to develop regression 
equations for calculating body weight and organ weights of children using 
age as the dependent function. Tne specific organs/tissues for which the 
data on age-related weight were obtained ana analyzed include blood, 
adipose tissues, liver, lungs, brains, heart, kidneys, spleen, the 
reproductive organs (male: prostate gland, seminal vesicle, testes, and 
epididymis; female: ovaries, uterus, and uterine tubes), glands (adrenal, 
pituitary, thymus, pancreas, and thyroid), bone marrow (total 
and red), intestinal tract, stomach, muscle, skin (epidermis and dermis), 
and skeleton. In both male and female children, the sum of these organs is 
systematically lower than the body weight, and this discrepancy may be 
resolved with the additional availability and consideration of data on 
hypodermis weight. The equations and data on body weight and organ weights 
presented in this article should be useful for constructing age- specif ic , 
physiologically based pharmacokinetic models for children. 
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3AChGR5VND : We present a ::era:ure review of the plasticity 

literature regarding stem sells from adults in order to summarise their 
ahilitv tc venerate re lis of ether types than tnese of the tissue 

eroar f rem v;:n:i trev were isolated. RESULTS : Adult stem sells have 
recent;'.' been demonstrated to terminally differentiate into cells of ctner 
tissues than tnose from who :n they we re originally isolated. For example, 
bone marrow cells ha'*e been shov.n to generate liver, nerve, 
heart and skeletal muscle cells in addition to their well-known ability tc 
produce blood and mesenchymal sells. INTERPRETATION: Most studies 
demonstrate a trc of -of -principle in animal models; mucn more research is 
needed befcre adult stem sells can ee utilised in human medicine. However, 
the published retorts are encouraging and give reasons for a cautious 
optimism with regard tc future clinical use. 
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[Detection of micrometastases and circulating tumour cells using 
molecular biology technics in solid tumours] 
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les techniques de biologie moleculaire dans les tumeurs solides. 
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Tne extension of a cancer is a major prognostic factor which determines 
the therapeutic strategy. The occurrence of metastatic relapses in patients 
with initially localized tumours, despite a good local control, gives 
evidence for the possibility of spreading of occult tumour cells. The 
recent improvements of immunoh l s tochemi s t ry and molecular biology methods 
enable to detect tumour cells in various sites such as lymph nodes, 
bone marrow and blood with a considerably increased 

sensitivity as compared to conventional approaches. The markers used to 
detect tumour cells by PCR or RT-PCR can be either " tissue - spec i f i c " 
or "tumour specific". The drawback of the first group of markers is linked 
to the observation that tissue - spec i f ici ty is frequently a relative 
concept leading to a high rate of false positives. Tumour - spec i f ic markers 
include gene fusions observed in various sarcomas, point mutations and 
presence of viral genomes in tumour cells. They are available and can be 
easily monitored in only a limited set of cancers. This review 
focuses on tne molecular biology approaches which are used to detect occult 
tumour cells and on their clinical applications. The large number of 
studies .vhich have been published in that field show that such a detection 
can be performed in a variety of target sites. However, res alts of studies 
performed on larger series of patients together with a tetter 
standardization of technics are necessary before they can be used for 
individual staging of patients. 
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In tnis review we identify the elemental, signals that regulate 
eosinophil accumulation in tne allergic lung. We shov: that there are two 
interwoven mechanisms for the accumulation of eosinophils in pulmonary 
tissues and tnat these mechanisms are linked to the deve 1 opment of an ways 
hyperreactivity (AHR). Inte r 1 euki n - ( XL ') - 5 plays a critical r: Le m the 
expansun of eosinophil pools in both the bone marrow and 
blood in response to allergen provocation of the airways. Secondly, 
IL-4 and ID- 13 (operate within the allergic lung to control the 
transmigration of eosinophils across the vascular bed into pulmcnary 
tissues. This process exclusively promotes tissue accumulation of 
eosinophils. IL-13 and IL-4 probably act by activating eos i nophi 1 - speci f ic 
adhesion pathways and by regulating the pro-duct ion cf IL-5 and eotaxin in 
the lung compartment. IL-5 and eotaxin cc -operate locally in pulmonary 
tissues to selectively and synergi st leal 1 y promote eos inophi L la . Thus, IL-5 
acts systemicaliy to induce eosinophilia and within tissues to promote 
local chemctact ic signals. Regulation of IL-5 and eotaxin levels within the 
lung by IL-4 and IL-13 allows Th2 cells to elegantly co-ordinate 
tissue and peripheral eosinophilia. Whilst the inhibition of either 
the IL-4 /IL-13 or IL-B/eotaxm pathways resulted in the abolition of 
tissue eosinophils and AHR, only depletion of IL-5 and eotaxin 
concurrently results in marked attenuation of pulmonary inflammation. These 
data highlight the importance of targeting both IL-5 and CCR3 signalling 
systems for the resolution of i n f lammat ic n and AHR associated with asthma. 
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review .-;e discuss the potential of molecular characterization of KRCC 
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Blood formation by pluripotent stem cells and their progeny is 
thought to be regulated by receptor- 1 igand interactions between 
eel 1 - substrate , cell-cell and cell-matrix in the bone marrow. 
Primitive stem cells form progenitors and, m their turn, these give rise 
to haemopoietic progeny which are rrore specifically committed in that they 
car. form progressively fewer types of blood cells. Recently we have 
established that direct cell -cell communication via gap junctions may be 
part of this regulatory system. Connexm4 3 gap junctions metabol ical ly 
couple the three dimensional meshwork of bone marrow stromal 
ceils to form a functional syncytium in which some blood-forming 
cells are also coupled. The expression of gap junctions in the bone 
marrow is markedly upregulated when there is an urgent and 
substantial demand for blood -formation; for example, following 
cytotoxic injury after 5 - f luorouraci 1 or irradiation; or during neonatal 
blood -formation and in the epiphysis of growing bones. Chemical 
blockade of gap junctions blocks blood -formation in long-term 
cultures but is reversible after the blockade has been relieved. This short 
review highlights briefly the known regulatory mechanisms of 
blood -formation with especial attention to gap junctional 
communication . 
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Cell migration and the anatomic control of thymocyte precursor 
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.r.e cn/mu 3 per.cr^.s seve ra . essentia^ r ur.c: : ens :ur:r:g t r.e s tea ay - state 

c reduction of T ] /^pho :/t es :n adults, inducing expansion of the ore our son 
coil, differentiation into multiple lineages and screening for T2?.s with 

potential mecnariism for such control may be related to the movement of 
precursir cells between distinct anat.cni :al rompartnents m the thymus. 
Histological studies show tnat the majority of 2D4 - 2D3- cells are found in 
the subcapsular region. However; vascular tissues that support the 
migration of precursor cells into the thymus (postcapillary venules. 1 are 
Located deep 1:1 tne tissue, near the cort 1 co -medullary junction. This 
imp-lies that blood -brrne cells entering tne thymus must transit 
outward across the cortex in order to accumulate in the SCR. 
Differentiation of DN cells into the CI4+ 8+ stage correlates with a 
reversal m polarity and migration inward, wnile mature ceils ultimately 
transit the 2MJ in the opposite direction of cells first entering the 
organ. Here we review evidence for a model in whicn differentiation 
is induced and proliferation is controlled by this progressive 
translocation of immature precursors through discrete stromal compartments. 
In addition, we attempt to- summarize what Ls known about the molecular 
mechanisms that may support polarized migration of early CD4 - 8- thymocytes 
in the adult, as well as how and where the relevant di f f erent iat ive and/cr 
proliferative signals may be compartmentalized. 
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During vertebrate embryogenes i s , bones of the vertebral column, pelvis, 
and upper and lower limbs, are formed on an initial cartilaginous model. 
This process, called endochondral ossification, is characterized by a 
precise series of events such as aggregation and differentiation of 
mesenchymal cells, and proliferation, hypertrophy and death of 
chondrocytes. Bone formation initiates in the collar surrounding the 
hypertrophic cartilage core that is eventually invaded by blood 

vessels and replaced by bone tissue and bone 
marrow, jver the last years we have extensively investigated cellular 
and molecular events leading to cartilage and bone formation. This 
has been partially accomplished by using a cell culture model developed in 
our laboratory. In several cases observations have been confirmed or 
directly made in the developing embryonic bone of normal and 
genetically modified chick and mouse embryos. In this article we will 
review cur wcrk in this field. 
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Peripheral blood stem rell t rar.s p 1 ant s are being i n r reas i ngly used 
in tne a.l i jger.ei: retting and are rften preferred to the conventional 
bone marrow source. The aim rf this report is to review 

avail sole ia:a :>n peripheral blood versus bone marrow 
:iema t op r let i r stem rell z ranspl ant at i rr. . The discussion is restricted to 
HLA - identical siolinq transplants re reiving unnanip. 1 a: ed grafts. Tins is 
bera^se data .vim appropriate follo-v-ap are available rnly for triis type of 
r omoa r i s 0:1 : we have preliminary rata o:\ the .se of peripheral blood 
from unrelated uonrrr, and on the use rf T-cell dep 1 et i on/ CD 3 4 + selection 
met nods. The latter are ev Diving rapidly and it may oe difficult to find a 
r moor rent group rf patients re reiving T-cell depleted or CD34 - selected 
marrow . Tne results of retrospective and prospective studies are 
similar: hematologic and immune recovery are faster after peripheral 
blood grafts, acute graf t - versus - host disease is comparable, whereas 
chronic graf t - versus - host disease is increased in recipients of peripheral 
blood transplants. Transp 1 ant - re lat ed mortality is similar in the two 
groups, whereas disease recurrence is lower after peripheral blood 

grafts. Tne general opinion is that peripheral blood grafts are 
indicated for patients with advanced 'disease, whereas for patients with 
eatiy-pnase disease the two sources may give comparable results. 
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BACKGROUND AND' OBJECTIVES: Cytokines are low molecular weignt 
polypeptides that act as pleic tropic mediators of inflammation and may 
contribute significantly to regulation of hemostatic balance in both 
p'hysio logic and pathologic conditions. The purpose of this review is 
to unceriine tne most significant progresses recently achieved in this 
rapidly growing area. DESIGN AND METHODS : Tne authors nave been involved 
re o t n a t home a no a re ro a d i n exp e r i rr e n t a 1 a no clinical research in this field 
for years and nave rcntributed original papers m peer - rev i ewed journals. 
In addition, tne material examined in the present review includes 
artirles puolisned in journals covered cy tne Science Citation Index and 
Medlm^. RESULTS: Tissue farter, a transmembrane glycoprotein that 
ser"^s as a surface r pr er*"?r for ro agu I a t : r n farter Ulla, plays a key mle 
m t'-e initiation of ccacru 1 a 1 1 cn crccesses. Verv little, if an'/, 




pr ot hr ombo c .: c state associated with at r.er osclerct :c vessels, :ne .rrence 
of neep venous thrombosis after :vr or abdominal surgery and tne thrombotic 
tendenoy of patients with cancer. Several nev: ant i t hr omb ot 1 o strategies 
base: :>n these nev: concepts have been attempted in experimental mcdels of 
thrombosis and also in man. Examples of new possible antithrombotic agents 
are trie tissue factor pathway inhibitor, Fao fragments of mor.o:lona I 
ant 1 todies directed against factor VII or factor Vila, mutant forms of 
biolo^i tally inactive tissue factor and inhibition of cytokines 
:n"olvei in the regulation o-f tissue factor expression. Many of these 
studies have produced p-ositive or interesting results, although more must 
be learned before the appropriate drug and the adequate dose are defined in 
the different clinical situations. COn'CLUS I jKS : Pro- - 1 nf lammatory cytokines 
vIL-1, IL-6 and TNF) play a key role in tissue fattor expression cn 
moncoytes and on endothelial cells and contribute significantly to 
regulation of hemostatic balance in physiologic and pathologic conditions. 
This effect is of great interest from both speculative and practical 
v iewp ■:■ i nts . 
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Human Peroxisome Prol i f erator - Ac tivated Receptor gamma (PPARgamma) was 
originally cloned from a human bone marrow library. What role 
does this ligand activated transcription factor play in hematopoies i s and 
the immune system? We note that: a) PPARgamma has potential to 
interact/ interfere or synergice with retinoid biology, b) fatty acids and a 
prostaglandin have been identified as ligands, and c ) lymphocytes, 
monocytes ano neutrophils use fatty aoids as a major source of energy 
pr: duct ion, d ;■ PPARgamma has been shown to oppose TNFalpha and down 
regulate cytokine production in monocytes. Therefore, we undertook a 
review of tne literature and an expression survey of PPARgamma in a 
number of major organs and cells involved in tne hematopoietic system, for 
the purpose of building a database towards understanding the role and 
function of PPARgamma gene regulation in the developing blood and 
: Ttune svs terns . PPAPciamm.a is expressed before mesodermal i oduc 1- ion in 
tissue in and around Srevmann ' s ^nar; i z p r in the xerorus r } a s t ocvpt 
in erytnrovo precursors of blood islands and in the circulation of 
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This brief resume summarizes the evidence which shows that melatonin is a 
significant free radical scavenger and antioxidant at both physiological 
and pharmacological concentrations in vivo. Surgical removal of the pineal 
gland, a procedure which lowers endogenous melatonin levels in the 
blood , exaggerates molecular damage due to free radicals during an 
oxidative challenge. Likewise, providing supplemental melatonin during 
periods of massive free radical production greatly lowers the resulting 
tissue damage and dysfunction. In the our rent review, these 
findings are considered in terms of neurodegenerative diseases, cancer, 
i schemia/repe r f us ion injury and aging. Besides being a highly effective 
direct free radical scavenger and indirect antioxidant, melatonin has 
several features that make it of clinical interest. Thus, melatonin is 
readily absorbed when it is administered via any route, it crosses all 
[Trorpnopnysiological barriers, e.g., blood-brain barrier and placenta, 
with ease, it seems to enter all parts of every cell where it prevents 
oxidative damage, it preserves mitochondrial function, and it has low 
toxicity. While blood melatonin levels are normally low, tissue 
levels of the indoleamine can be considerably higher and at some sites, 
e.g., in bone marrow cells and bile, melatonin concentrations 
exceed those in the blood by several orders of magnitude. What 
constitutes a physiological level, of melatonin must be redefined in terms 
of the bodily fluid, tissue and subcellular compartment being 
examined. Copyright. 2 00 0 S. Karger AG, 3asel 
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The harvesting of peripheral blood progenitor cells (PEPCs) after 
granulocyte co 1 ony - s 1 1 mu 1 a t i ng factor or granulocyte -macrophage 
co 1 ore/ - s t i mu 1 a t i ng factor stimulation instead of bone marrow in 
healthy donors has become increasingly popular. Donors, given the choice 
between bone marrow and PBPC donation, often prefer 
cytapneresis because of the easier access, no necessity f:r general 
anesthesia, and no multiple bone marrow punctures. In addition, 
accelerated engraftment and immunomodu l at icn by granulocyte 

c olor.y- st imulat ing f actor - mot i 1 i zed PEFCs are advantageous for the 
recipient. However, because of donor' inconvenience and poor mobilization, 
there is a need to develep improved procedures. Aspects such as durability 
of hematopoietic engraftment, characterization of tne earliest stem cell, 
and composition of PBPCs are not yet well defined, and interna: i:na 1 doner 
registration and f: How- up must be considered when evaluating long-term 
safety profiles in nealthy donors. This review concentrates on the 
most significant developments cn mobilization of PEPCs published during the 
past '/ear . 




2002 

MEDIUM: print 
ISSN: 3^53 --332: 

DOCUMENT TYPE: Literature Review 
PESO.-D TYPE: Aos tract 
LANGUAGE : Engl ish 



A33T?a:T: Glut amine and glutamate with proline, histiiine, arginine ana 
jl nit hire, comprise Z5k of the dietary amino acid intake and constitute 
t ne "glutamate family" of ammo acids, whicn are disposed of tnrough 
conversion t o glutamate. Although glutamine has been classified as a 
nonessential ammo arid, in major trauma, major surgery, sepsis, 
bone marrow transplantation, intense chemotherapy and 

radiotherapy, when its consumption exceeds its synthesis, it becomes a 
conditionally essential amino acid. In mammals the physiological levels 
■of glutamme is 650 mumol/1 and it is one of the most important substrate 
for arnmoni agenes 1 s in the gut and in the kidney due to its important 
role in the regulation of acid-base homeostasis. In cells, glutamine is a 
key link oetween carbon metabolism of carbohydrates and proteins and 
plays an important role in the growtn of fibroblasts, lymphocytes and 
ent e rocytes . It improves nitre gen balance and preserves tne concentration 
of glutamine in skeletal muscle. Deamidacion of glutamine via glutaminase 
produces glutamate a precursor of gamma -amino butyric acid, a 
neurotransmission inhibitor. L-Glutamic acid is a ubiquitous amino acid 
present in many foods either in free form or in peptides and proteins. 
Animal p^rotem may contain frcmi 11 to 22* and plants p-rotein as much as 
4 0* glutamate roy weight. The sodium salt of glutamic acid is added to 
several foods to enhance flavor. L-Glutamate is the most abundant free 
amino acid in rrain and it is the major excitatory neurotransmitter of 
the vertebrate central nervous system. Most free L-glutamic acid in brain 
is derived from local synthesis from L- glut ami ne and Kreb ' s cycle 
intermediates. It clearly plays an important rc 1 e in neuronal 
differentiation, migration and survival in the developing brain via 
facilitated. Ca-n- transport . Glutamate also plays a critical rele in 
synaptic maintenance and plasticity. It contributes to learning and 
memory through use - dependent changes in synaptic efficacy and plays a 
role in the formation and function of the cytc-ske letc n . Glutamine via 
glutamate is converted to alpha - ketogluta rate , an integral component of 
the citric acid cycle. It is a component cf the antioxidant glutathione 
and of the polyglutamated folic acid. The cyclization of glutamate 
produces proline, an amino acid important for synthesis of collagen and 
connective tissue. Our aim here is to review on some amino 

acids with nigh functional priority such as glutamine and to define their 
effective activity in human health and pathologies. 
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ABSTRACT : The liver has the unique capacity to regulate its growth and 
■n^s. In rodents and humans, it grows rapidly after resection of more 
tnan 5C% of its mass. This growth process, as well as that following 
acute chemical injury is known as liver regeneration, although growth 
ta-:es place by compensatory hyperplasia rather than true regeneration. In 
ado it. ion to nepa oocytes and non -parenchyma 1 cells, the liver contains 
intrahepatic "stem" cells which can generate a transit compartment of 
precursors named oval cells. Liver regeneration after partial hepatectomy 
does net involve intra or ext ra - hep at ic (hemopoietic) stem cells but 
depends on the proliferation of hepatocytes . Transplantation and 
ret opul at ion experiments have demonstrated that hepatocytes. which are 
highly differentiated and long-lived cells, have a remarkable capacity 
for multiple rounds of replication. In this article, we review some 
aspects of the regulation of hepatocyte proliferation as well as the 
interrelationships between hepatocytes and oval cells in different liver 
growth processes. We conclude that in the liver, normally quiescent 
differentiated cells replicate rapidly after tissue resection, 
while intra - hepatic precursor cells (oval cells) proliferate and generate 
lineage only in situations in which hepatocyte proliferation is blocked 
or delayed. Although bone marrow stem cells can generate oval 
cells and hepatocytes, transd if f erent iat ion is very rare and inefficient. 
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ABSTRACT: Aplastic anemia is a very unusual feature of systemic lupus 
erythematosus SUE . A 32 -year -old lady presented with generalized 
purpuric lesions and was diagnosed as having immune thrombocytopenic 
purpura. Fourteen months later, she developed progressive pancytopenia, 
arthritis of small joints, and oral ulcers. Investigacions confirmed SLE 
with aplastic anemia. High -dose me t hylpredni solone therapy had been 
unsuccessful in controlling the pancytopenia. She had a progressive 

u r s ^ and di^d due to septicemia. E ~ 'en th^ucih car^vt^penia ic ^ ^ t^t^ ^ ■< ^ 
SUE, a bone marrow examination should be acne m all cases of 



; i a to exclude bone marrow aplasia. 
:o the C::ea:::e::: -ore aggressive 
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ABSTRACT: The induction of immunologic tolerance to solid organ allografts 
is a subject of intense investigation because of the morbidity and 
mortality associated with standard immunosuppressive therapy. One method 
tnat is currently in clinical and preclinical testing involves the 
transient ablation of recipient T cells using polyclonal ant i thymocyte 
sera, or monoclonal anti-CD4/CD8 antibody treatment, followed by the 
post transplant administration :>f donor bone marrow cells or 
of donor peripheral lymphoid populations. Recent studies in our 
Laboratory have shown that the molecular and cellular basis of the 
prolongation of graft survival by donor cell administration depends on 
the cellular compartment from which the donor cells were derived. We 
prrvi.de here a brief review of these data followed by new data 
suoaesting that the mode of peripheral and central selection is also 
dependent on the source from which the donor cells were derived. 
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A3STFACT: The lymphoid tissues of Waldeyer's ring, including the 

nasopharynx, are rarely involved m Hodgk.in's disease ■ HD . Between Marc 
10~~ and July 2001, abcl 2 0 0 0 patients affected by HD were observed m 
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ABSTRACT: The potential for tissue repair and regeneration is 

encouraging in the light of novel research on the plasticity of adult 
stem cells. Intense research efforts over the last 3 years have provided 
solid evidence for the continuDus generation of many types of 
tissue =ells from adult stem cells as a normal part of our 
physiology throughout development and adult life in mammals, including 
humans. This opens new therapeutic avenues fcr many clinical problems and 
provides alternative opportunities at a time when much attention has been 
brought to the issue of using embryonic stem cells for research purposes 
and for the development of treatments for various diseases. Embryonic 
stem cells are pluripotent cells characterized by nearly unlimited 
self-renewal and differentiation capacity. However, evidence has 
accumulated over the past few years, indicating that adult bone 
marrow stem cells might have pluripotent properties similar to 
those of embryonic stem cells. Based on a review of the literature 
we propose the hypothesis that in situ mobilization of stem cells from 
the bone marrow and their migration to various tissues is a 
ncrmal physiological process of regeneration and repair and that 
therapeutic benefits can be generated with less invasive regimens than 
the removal and re-injection of stem cells, through the stimulation of 
normal stem cell migration. We further propose that effort should be made 
to identify natural compounds characterized by their ability to augment 
this ncrmal process of mobilization and re - colonization of bone 
marrow stem cells for the potential treatment of various 
degenerative diseases. 
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53TRACT: It is the turpcse of this presentation tc review the unique 
structure and function of bone marrow anchored hematopc iesis 
in their significance for its response mechanisms to an exposure to 
rem z ma radiation. The ultimate objective of bone marrow 
nema c opo 1 es i s is tc maintain in the peripheral blood a constant 
level of the different blood cell types (erythrocytes, 
granulocytes, platelets, 1 , mpnoo, :es ( etc. 1 . All of them have their 
particular turnover Kinetics isucn as gra n c 1 : eye e s 12 0Xlu9/d, 
erythrocytes 2 00X10 9/6 or thrombocytes 1 SOX 1 C 9 /d ) , are semi - autonomous in 
their steady state regulatory mechanisms and dependent on a life-long 
supply of mature cells from a stem ceil pool with unlimited replicative 
ana pluripotent di f f erent iat ive potential. The present knowledge of 
hematopoietic cellular renewal is the result of years of basic 
experimental and clinical, studies using radionuclides in various 
metabolic f : rms including E 9 Fe , 3 1 P [DF 32p), 51Cr, 1311, 6CCo, 3H 
( 3 HT dF ) and 147 (l4CTdR). To understand the physiology but in particular 
tne rad iat i c>n -pat hop nys iology , it is essential to recognize in detail the 
infrastructure cf tne bone marrow as a distinct unit. 
Indispensable for a life- long cell product ico is the capsule of the 
marrow-tne bone cortex-, tne arterial supply of blood 

connected to the sinusoidal microvascular architecture with its sinusoids 

cortorti and recti as well as tne central (cell collecting) sinusoids. It 

is further of importance to recognize tne significance of nerval 

regulation of blood flow, characterized by myelinated and 

unmyelinated nerve fibers. The type of unique lining cells of the 

smus cuds is the prerequisite for the cell traffic between tne 

hemopoietic parenchyma and tne blood. This m turn cannot be 

achieved without, an alternative opening and closing of the sinusoidal 

segments which- in turn- requires a rigid long capsule to assure an- in 

tot o - c O'hs tant volume of each bone marrow unit. If a 

bone marrow unit is exposed to ionizing radiation, a 

perturbance of tne balance between cellular growth pressure and 

blood flow dynamics can be observed, resulting in a special type of 

bone marrow hemorrhage and an "excess cell loss" that may 

result in an non - tn rombopenic exhaustion of tne stem cell pool. Of great 
importance is tne question as to the mechanisms that allow the bone 
marrow hemopoiesis to act as one cell renewal system although the 
bone marrow units are distributed throughout mere than 10 0 
bone marrow areas or units in the skeleton. Tne observation 
that "the bone marrow" acts and reacts as "one organ" is due 
to- the regulatory mechanisms: the numeral factors (such as 
erythropoietins, g ranu 1 opo i et i. ns , t hromoopo i et i ns etc.), the nerval 
factors 'central nervous regulation? and cellular factors (continuous 
migration of stem cells through the blood to assure a sufficient 
stem cell pool size in each bone marrow "sjb-urot" > . It 
should to recalled that the bone marrow functions as a 

phys i o 1 og i ca 1 chimera and becomes established by tne hem.a togene i c seeding 
of stem ceils to a mesenchymal matrix during emc ryogene s i s . Tne 
repepu 1 a 1 1 c n of the bone marrow after partial ioouy 

oral; al ^;i, cifttri st'oigly : u n : o.; g tr n r v s : a u . a t i. u ~xp'_o^ie _u a^tei 
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ABSTRACT: Nocardiosis (NOC) ;.s an important cause of infection in 

immunocompromised patients. However, large series in patients with cancer 
hav'e not been described. We review the records of patients with 
cancer and NOC who were evaluated at The University of Texas M. D. 
Anderson Cancer Center, Houston, Texas, between 198 3 and 2 001, and we 
describe the incidence, microbiologic and clinical characteristics, 
treatment, and outcome of NOC in tnis population. Forty-two patients with 
a total of 43 episodes of NOC were identified (incidence of 60 cases of 
NOC per 100,000 admissions 1 . Twenty-seven patients (64%) had hematologic 
malignancies. In 13 patients, NOC complicated bone marrow 
transplantation. Neutropenia was observed in 4 (10%) of 40 episodes with 
information available, and lymphopenia in 20 (50%) of 40 episodes. 
Patients had received steroids for 25 episodes (58%) and had received 
chemotherapy for 10 episodes {2 3*0 within 30 days before the onset of 
NOC. Nine episodes of breakthrough NOC were identified in 7 (23%) of the 
40 patients with information available. Pulmonary NOC was seen in 30 
(70H of 43 cases; soft-tissue NOC in 7 (16%); central venous 
catheter-related nooardemia in 3 (7%) ; and disseminated NOC, central 
nervous system NOC , and a perinephric abscess each in 1 (2%) . 
Twenty- tnree percent of patients with pulmonary NOC nad an acute 
presentation. Nocardia asteroides romp lex was the most common causative 
species ("7%). Therapy for NOC was mainly concurrent 

trimethoprim/ sulfamethoxazole and either a tetracycline or a beta-lactam. 
The median duration of treatment was 113 days (range, 10-600 d). Nine 
(60%) of 15 patients with outcome data died from NOC. NOC, although 
infrequent, is an important cause of morbidity and mortality in patients 
with canter. It nas roleomorphic manifestations, and it can roe seen as a 
breakthrough infest ion. The present study confirms that timely diagnosis, 
the site of NOC, the type of Nocardia, the presence of comorbidities, and 
cv t ume oa 1 uv r : u s coin feet i on influence the j'^Lc^'r.e of patients with cancer 
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A3 S TRACT : C ry s 1 a 1 - s t or i ng histiocytosis (C3H) is a rare event in disorders 
associated with monoclonal gammopathy. The intracellular crystal 
formation is almost always accompanied by the expression of kappa light 
chains. However, the exact mechanism for the storage has not been 
clarified until now. We report a case of generalized CSH in a 73 -year-old 
man who presented with IgA kappa paraproteinemia and paraproteinuria. The 
initially observed CSH in the bone marrow biopsy was 
associated with the clinical and pathomorphologic features of a 
monoclonal gammopathy of undetermined significance. The progression of 
disease could not be affected by steroid therapy and the patient died of 
septic shoe* 7 months after detection cf CSH . At the time of autopsy 
there was evidence for multiple myeloma and generalized CSH. 
Two-aimens i cnal gel electrophoresis of liver tissue combined with 
immur.oD lot t : ng revealed the massive stcrage of heavy chains of alpha type 
and light chains of kappa type, each in a monoclonal pattern. Analysis of 
trie stored kappa light chain by nanoe 1 ec t rospray- ioni zat ion mass 
spectrometry indicated that it belongs to the variable kappal variability 
subgroup. We identified some unusual amino acid substitutions including 
Leu 5 9, usually important for hydrophobic interactions within a protein, 
at a posit ion where it has never been previously described in plasma cell 
disorders. In conclusion, we present the first case of CSH with molecular 
identification of the stored kappa subgroup and detection of unusual 
amino acid substitutions. Our results suggest that conformational 
alterations induced by amino acid exchanges represent a crucial 
pathogenic factor in CSH. 
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structural ana runctvcna. reger.era: :cr. oc :r.e :er.tra. nervcus system 

:nac: cf the 2NS to regenerate is mainlo attributed to its c>:r. 

sneac:: of :■ 1 1 qodenaro cy t es . Therefore, one cf tne strategies to promote 
a x c n a 1 r e g e n e r a t : o n cf tne CN 3 is to e xp en me n tall y mo d i f y t h e 
environment to oe similar to that cf the ?NS . Schwann tells are tne 
myelinating glial tells in tne PNS , and are -mown to play a key role in 
Walleri. an. degeneration and subsequent regeneration. Central nervous 
3\ 'St en regeneration tan oe elicited by Schwann cell transplantation, 
x.nicn p rcvi ies a suitable environment for regeneration. Tne underlying 
tell-", a r me than ism. of regene rat icn is based upon the cooperative 
interaction: between axons and Schwann cells involving the production of 
ne.rc: ropin c factors and other related molecules. F-.. rt hermore , tight and 
gap- junctional contact between the axon and Schwann cell also mediates 
the molecular interaction and linking. In tnis review, the role cf 
tne Schwann cell curing the regeneration of the sciatic (representing the 
PNS) and optic (representing the CNS) nerves is explained. In addition, 
the possibility of optic nerve reconstruction by an artificial graft of 
Schwann cells is also described. Finally, tne application of cells not of 
neuronal lineage, such as bone marrow stromal cells (MSCs) , 
in nerve regeneration is proposed. Marrow stromal cells are known 
as mui t lp'ttenti al stem cells that, under specific conditions, 
differentiate into several -tinds of cells. Tne strategy to 
t ransdi f f e rent i ate MSCs into the cells with a Scnwann cell phenotype and 
the induction of sciatic and optic nerve regeneration are described. 
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ABSTFA2T: A 65-year-old woman, who had suffered from deforming rheumatoid 
arthritis since the age of 4C years, had been treated with methotrexate 
tor 3 years. Sne presented with a 7 week history of n e c o 1 ymphadenop a thy . 
3; ;p5',' revealed lew-grade ma rg i n a 1 - zor.e 3- tell nor. - HcdgK i n 1 s lymphoma. 
Icttuter; :ei tomography and bone marrow biopsy confirmed 
stage I1IA diceaco. Spontaneous complete rcmicsicn of the lymphoma was 
achieved 14 months after withdrawing im-.une suppression with 
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ABSTRACT: This review concentrates on recent evidence about lung stem 
cell origins and plasticity. The range of potential cells which can 
repopulate the injured lung, classically the basal and mucous secretory 
cells of tne trachea, the Clara cells of the bronchiole, and the type II 
p neurocyte of tne alveolus, has been extended to include the mucus-gland 
ruct cells cf the trachea and bronchus. Some evidence suggests that there 
are variant Clara cells that lack cytochrome P-450 and so are spared 
toxic activation of xenobiotics, and may aid bronchiolar repopulation 
after injury, such as with naphthalene. There may even be involvement of 
tne neuroepithelial bodies or cells in this, though the evidence is not 
vet. conclusive. Tne search for a resident pulmonary mu 1 1 ip ot ent cell for 
repopul at ing any lung epithelium has net yet been successful. The picture 
remains similar to earlier conclusions, in that the local stem or 
precursor cell is tne most likely to contrioute to local needs in times 
of tissue damage. Tnere remains a major challenge for lung cancer 
treatment, where high-dose cnemo- or radio-therapy may be noped to 
promote the seeding and repair of lung parenchyma by circulating 
bone marrow stem cells, as seen in liver models. Patient 

survival rates do not yet suggest that this occurs to any great extent, 
but this remains to be shown formally. The effects of prior fibrosis and 
tumour necrosis are probably confounding factors in this lack of rescue. 
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and . oe 1 1 men: at ed au:c:^ur.e disease that :s readily induces :n rodents 

:■: - i r radi at : c r. , res rue v;:th syngeneic or nutolcgcos bone 
marrow, a:vi subsequent oy o 1 os cc r i n A 2sA a dm: n i s t rat :. sn for acout 
4 .-.eeris . Beoause tne : r. du rt : or. c ro:oco! involves bone marrow 
transplantation S.VT ' , IsA - A' is 3.3c referred ts as syngeneic or 

studied tor t n r e e reasons. F 1 r s t 1 v , tne a n 1. t. a 1 T.iur, , a n 11 in pa r t 1 nn a r 
* he :;.r:oi : pnase oi the oisease, has ceen reported to nave several 
•va:r::s: vpi: and Histopathologic similarities .vitn vvt.ar. scleroderma. 
Secondly, 2sA-AI is :hini:alh' ana expe r ir.en: a 1 1 y examine: for its 
graft. - versus - tumour potential against lympho - Vienna t opo i e t i 0 malignancies 
as .veil as met as t. at 1 s breast cancer. And thirdly, CsA-AI nas oeen very 
.: n f :> ma: i ve in terms of T cell development and tolerance induction, 
including rentral as we 1 1 as peripheral control :>f ant 0 re ac 1 1 vi t y . In the 
present review, a summary of the characteristics of CsA-AI will oe 
given. Next, the supposed mechanism of CsA for interference with central 
tolerance induction will be presented. Finally, the role of peripheral 
tolerance, and in particular dominant T cell tolerance as mediated by 
regulatory T cells, will be discussed in relation to induction of CsA-AI 
as well as : o st rain- re lated resistance to TsA-AI . 
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ABSTRACT: Toxoplasma infection represents a rare but often fatal 
complication in bone marrow transplant (BMT) recipients. We 
report two cases of toxoplasmosis : one of successfully treated cerebral 
toxoplasmosis after peripheral blood stem cell transplantation, and 
a fatal case of pu 1 mon a ry toxoplasmosis in a BMT recipient. We h a ve 
syst emat ica 1 ly reviewed the 110 published cases of toxoplasmosis 
following BMT . We analyzed the pretransp lant and clinical features of BMT 
recipients developing toxoplasmosis, together with the diagnostic 
procedures used and treatment given. 3y univariate and multivariate 
statistical ana Lysis we analyzed the risk factors for diagnosis (during 
life vs post-mortem) and Tc-xcp lasma- related mortality. Ante-mortem 
diagnosis was made in 47% of oases. Site of infection (P=0.02; odds ratio 
1 1 . 9 ) , presence of symptoms at onset (P = 0.01) and conditioning regimen 
■p=1.04< were farters influencing whether the diagnosis was made before 
or after death. Overall mortality rate was 80* and that attributed to 
toxoplasmosis was 66*. Variables influencing outcome were: site of 
infection 'FO.02; odds ratio- 5.28), day of onset <F = 0.)4;i and 
conditioning regimen ■P=C.l-4 '■ . Underlying disease . F = 0.j2; odds ratio 
? . -1 5 amor.Q caticnts di aor.es ed before death, was the most significant 
factor : nf 1 ueno :. nci outcome. 
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AE S TRACT : Human herpes virus-E iHHV-8) is a gamma-herpes virus that was 
first identified in the Kaposi's sarcoma tissue of acquired immune 
deficiency syndrome patients. It has been implicated rn the pathogenesis 
■: f Kaposi's sarcoma ( KS ) , body cavity based lymphoma (BCBL) and 
multicentric Castleman's disease. HHV-8 genomic sequences were recently 
detected by polymerase chain reaction (PCR) and in situ hybridization in 
bone marrow stromal cells grown from multiple myeloma 
patients. The virus is also detectable in the peripheral blood 
enriched v/ith dendritic cells of most: multiple myeloma patients. HHV-8 is 
not detected in the peripheral blood of family members and sexual 
partners of myeloma patients. In addition, HHV-8 encodes a viral 
homologue of IL-6, which like its human counterpart is capable of 
stimulating growth and preventing apoptosis of murine and human myeloma 
cell lines, suggesting a role for HHV-8 in the pathogenesis of myeloma. 
However, the association between multiple myeloma and HHV-8 still remains 
controversial issue, because some investigators have been unable to find 
HHV-8 virus in bone marrow and peripheral blood of 

multiple myeloma patients. Moreover, serological assays have failed to 
detect HHV-8 expression inpatients with multiple myeloma and in sexual 
partners. Although some studies suggest a potential role of HHV-8 in 
pathogenesis of multiple myeloma, further work is required to establish 
this connection clearly. The establishment of such link could lead to 
major changes in how clinicians approach this fatal malignancy. The aim 
of this review is to summarize current knowledge about the role of 
HHV-8 in the pathogenesis of multiple myeloma. 
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c o t e :i t. :. a ! of rese rv c ; r crecurscr cells tr.at r e s i u e i n m est. tissues :i a v e 

beer. rev:s::ea. Xar.v reports have documented either plasticity or 

de - a 1 f f e rent i at i on of a numcer or trecurscr cells isolates: from several 

tissues, including bone marrow, crait, and skeletal ".sue, 

Tr.ece findings have challenged the dogma that mononuclear cells derived 

free; adult, pes t - mi t ot i c tissues can differentiate and ccncriruce only t: 

tne tissue from wnicn they originate. Thus, much torrent research 

in stem cells is testing tne therapeutic potential of tnese cells to 

deliver normal genes and their encoded proteins int: damaged or injured 

tissues. Tnis review will focus on muse le - derived precursor cells 

and oneir apparently heterogeneous nature and summarize some of tne most 

recent findings and hvootheses on their characterization and practical 
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ABSTRACT : Various hematologic malignancies and solid turners are 

increasingly diagnosed in patients with human immunodeficiency virus 
(HIV) infection and may be the presenting manifestation of acquired 
immunodeficiency syndrome (AIDS) . Multiple myeloma, however, has never 
been reported as the presenting manifestation of AIDS. We report on a 
34 -year-old man who presented with back pain, paresthesias, paraparesis, 
vertebral bony disease, and an associated soft tissue mass. Biopsy 
of the mass revealed immature plasmacytes with very faint cytoplasmic 
expression of kappa light chains. Bone marrow biopsy revealed 
25? infiltration with poorly characterized malignant cells ana 15% 
polyclonal plasma cells. Immune f ixat ion of serum and urine was positive 
for IgG kappa and kappa light chains, respectively. A bone survey 
revealed lesions in the skull, left femur bone, and the pelvis. The 
diagnosis of an anaplastic myeloma was made. Because of the poorly 
characterized nature of the malignant cells and the difficulties in 
immun ophenot yp ing , serologic evaluation for HIV was undertaken and was 
positive. Tne concept of myeloma as an opportunistic neoplasm defining 
AIDS was considered. We discuss this view and recommend that patients 
with multiple myeloma with poorly characterized myeloma cells as well as 
difficulties in immune phenotyp i ng should undergo testing for HIV 
infect ion . 
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this article, we review the 

of liver DC, tneir ontogenic 



er.t, in vivo mobilization and pcpalation dynamics, in addition, 

ss the functions of DC isolated from liver tissue or celiac 

r propagated in vitro from 1 r/er- resident n Hemopoietic 

gem tor cells. Evidence concerning the role of DC in viral 

s, liver tumours, autoimmune liver diseases, granulomatous 

t. ion and the -outcome of liver transplantation is also discussed. 
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RoLe of fine -needle aspirates of focal 

hematologic mal ignancies . 
AUTHOR: Wong Philip W; Stefanec Tihomer; Brown Karen; White Dorothy A fa) 
AUTHOR ADDRESS: ( a ) Pu lmona ry Medicine, Memorial Sloan-Kettering lancer 

NY, 10021**USA E-Mail: 



York Ave 
org 
121 (2) 



, C-67 8, New York, 
:p527-5 32 February, 2 0 02 



Center-, 1275 
whi ted ■ mskcc 
JOURNAL : Chest 
MEDIUM : print 
ISSN: 0012-3692 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : Engl ish 

ABSTRACT: Objectives: To evaluate the yield and safety of transthoracic 
fine -needle aspiration { FN A) in the diagnosis of pulmonary disease in 
patients with hematologic malignancy. Design: Retrospective chart 
review. Setting: Tertiary-care medical center. Patients: 
Sixty- seven patients with a hematologic malignancy or after bone 
marrow transplantation (BMT) fcr a hematologic malignancy who 
underwent a total of 71 FNAs for diagnosis of an unexplained parenchymal 
lung lesion from January 1, 1991, to June 30, 1999. Results: The 
underlying malignancy was lymphoma in 42 patients (53%), leukemia in 8 
patients (12%), after allogeneic BMT in 12 patients (18%), after 
autologous BMT in 3 patients (4%/, and other diseases in 2 patients. 
Radiographs showed focal abnormalities in ail cases, and were nodules in 
3"*, masses in 3 7*, focal infiltrates in 21*, and cavitary lesions in 5* 
The yield of FNA for a finding specific infection or cancer was 56* ! 40 
of FNAs . The FNA with mflammatorv chanaes was clinical I'." sufficient 
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Ch dos: rig an optimal rad lo immunot ne rapy dose for clinical response. 
AUTHOR: DeNardo Sally J f a ) ; Williams Lav;ren:e E; Leigh Bryan R ; Wahi 
Richard L 

AUTHOR ADDRESS: (a)Molecular Cancer Institute, University of California, 
Davis Medical Center, 1508 Alhambra Boulevard, Room 3100, Sacramento, CA, 
9531o**USA E-Mail: sjdenardo.-ucdavis.edu 

JOURNAL.: Cancer 94 (4 Supplement > :pl275 - 1236 February 15, 2002 

MED] CM : print 

ISSN : 0 0 08 - 54 3X 

DOCUMENT TYPE: Literature Review 
RECORD TYPE: Abstract 
LANGUAGE : Eng L i sh 

ABSTRACT: Clinical trials have documented the single-agent efficacy of 
r a i i o immunotherapy (RIT) in lymphoma, and several combination therapy 
studies are now in progress. RIT agents are currently becoming generally 
available for clinical use in lymphoma therapy. Solid tumors, which are 
notoriously less responsive to any single a^ent, have demonstrated 
clinically useful responses, albeit temporary, and mul t imoda 1 i ty studies 
have been instituted. However, a sincere debate continues regarding the 
basic parameters to be used to define appropriate therapeutic dosing when 
using this modality in clinical cancer care. It is a good time to 
reevaluate relevant dose response information f rem preclinical and 
clinical RIT. Preclinical studies have demonstrated abundant evidence of 
dose response in tumor and normal tissue in homogenous model 
systems; however, substantive variation occurs between the dose responses 
of tumors with low and variable for shed) antigen expression, as well as 
between histologically different tumor models. Clinical studies of 
various heavily pretreated patient populations given several very 
different RIT pharmaceuticals have led to disparate conclusions regarding 
patient dosing methods and dosimetric predictions of toxicity and 
efficacy. Single- study data on previously untreated lymphoma patients 
with similar histology has demonstrated a correlation of imaging 
dosimetry w : ith toxicity and tumor response. High-dose therapy with 
bone marrow support has also demonstrated a high tumor 

response rate and nonmarrow normal organ toxicities that correlate with 
the calculated dose to those organs from imaging. In iodine- 131 

( 13 1 I ) -anti -CD20 studies, 1311 was demonstrated to have variable 
excretion, and estimated total -body radiation dose from tracer study 
proved a predictive surrogate for marrow toxicity. Yttrium- 90 

( 9 0 Y J -anti- CD 2 0 , which has little 90Y excretion from the body, 
demonstrated the injected dose per body weight to he more predictive of 
marrow toxicity than indium-Ill tilling tracer dosimetry methods in 
heavily pretreated patients, and showed maximal safety with standard 
m i y.n t h e r a p v d o s i n o Variation s i n clinical RIT c h ce^ , do s i n o 
methods, and dosimetrv methods emchasize the need to review the 
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Mjcopr'lysarrnsricoses and spinal cord compre 

review of :r.e literature with iT.pl i rations 

marrow transplantation. 
A'JTHOF : K3?njr Ed'.ard; Del Xaestrc Rolando -a 
AUTHOR ADDRESS : ia) iDnaon Health Sciences, 3 

6 10?, Westminister Campus, London, ON , N6A 

de 1 T.aes r : Ins:, on . r a 
J CUR X A L : N e u r :» s u r g e r y i 3 a 1 1 i to l e 1 4 ^ . 1 : p 2 
MSI 1 1 UM : print 
ISSN: 014S-396X 

DOCUMENT TYPE: Artirle; Literature Review 
RECORC TYPE: Abstrart 
LANGUAGE : Eng 1 i s n 

ABSTRACT: OBJECTIVE AND IMPORTANCE: We present a patient with 

mucopolysaccharidosis with spinal cord compression, and we review 
previously published cases. This is the first published case of a patient 
with mucopolysaccharidosis with spinal cord compression who has undergone 
bone marrow transplantation. CLINICAL PRESENTATION: A 
2 -year-old patient with Hurler syndrome underwent bone marrow 
transplantation. Although the bone marrow transplantation 
imp rove i many of the systemic effects of Hurler syndrome, the patient 
t resented at 5 years of age with a cervical myelopathy. Magnetic 
resonance imaging revealed soft tissue compression of tne upper 
cervical core. The literature review demonstrates that spastic 
tetraparesis, secondary to cervical cord compression, is the most common 
presentation of this subgroup of patients. INTERVENTION: A suboccipital 
craniectomy and C1-C5 laminectomy and decompression with duraplasty were 
performea. Pathological examination of compressive soft tissue and 
lamina was consistent with mucopolysaccharidosis . Postoperatively, the 
p-atient showed, substantial improvement in neurological function. 
CONCLUSION: Mucopolysaccharidoses can induce a compressive "metabolic 
myelopathy." Decompressive procedures have shown significant improvement 
in neurological function in the majority of patients without spinal 
instability. Bone marrow transplantation may allow more 
patients with mucopolysaccharidoses to survive long enough tc require 
neurosurgical treatment in the future. Tne effect of bone 
marrow transplantation on the prevention of spinal cord compression 
is unclear. 
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ABSTRACT: V.'e present a "4 year old gentleman who presented with rib and 
eternal pain which was originally diagnosed as costochondritis. Tne 
treatment f:>r this diagnosis was successful for a short period of time, 
ct the pain returned. Radiologic studies demonstrated bilateral rib 
fractures. The pain worsened and further work -up including an MR I of the 
thoracolumbar spine revealed lytic lesions in T10 through T12 and 
■compression fractures of T5 and T7 . A soft tissue mass was also 
noted extending from T"^ in the ventral epidural space causing posterior 
and right lateral displacement of the spinal cord. A CT guided biopsy af 
this mass demonstrated an increased number of plasma cells, but was not 
diagnostic :f myeloma. During cms same time period repeated serum 
protein e 1 ect ropho ret 1 c and serum immunof ixat i on studies were performed 
srowig persistance of hypogammaglobulinemia without a paraprotein spi-:e. 
Concentrated urine electrophoresis and urine immunof ixti on were 
consistently negative for light chains. Eventually a bone 
marrow aspirate and biopsy were were done revealing the presence of 
massive infiltrations by small uniform plasma cells. The plasma cells 
replaced over 9 0% of the marrow. Immunohistochemical stain for 
kappa and lambda light chains snowed an almost exclusive population of 
iamda positive plasma cells. This finding led to a diagnosis of 
ron secretory lambda light chain disease. This rare entity is present in 
only 1-4% of patients with myeloma. A review of the literature will 
be present ed . 
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Increased microvessel density in non - Hodgkin 1 s lymphoma (NHL) is localized 
to the site of disease changes in accordance with disease response. 

AUTHOR: Wadleigh Martha (a); Niedzwiecki Donna (a); Davis Patty(a); Payne 
Nancy i a); Sen Filiz(a); Mann Karen P; Proia Alan; Hollis Donna (a) ; 
Riczieri David A (a) 

AUTHOR ADDRESS: (a) Division of Oncology and Stem Cell Transplantation, Duke 

University Medical Center, Durham, NC**USA 
JOURNAL: Blood 93 ill Part 2):p236b November 16, 2001 
MEDIUM: print 

CONFERENCE/MEETING: 43rd Annual Meeting of the American Society of 
Hematology, Part 2 Orlando, Florida, USA December 07-11, 2001 
ISSN: 000r -49* T 1 
RECORD TYPE : Abstract 
LANGUAGE: English 

ABSTRACT: Angiogenesis has been shown to correlate with metastatic 

potential in some neoplasms. Little is known, however, concerning changes 
in mi c r o v e s s e 1 density \ MY E 1 ) within different v isceral tissues of the 
same patient, at the same point in time. Is angiogenesis increased only 
in the site of malignancy or in all tissue sites of the body? 
Furthermore, e~:a 1 u a t i on of changes over time in the same tissue 
sites, within the same patients has also not been carried cut in depth. 



v/rier. the disease is eradicated a: t.oat sice? We reviewed 4C5 biopsy 

obtained ever t :ie c curses cf treatment v/itcm individual patients. 

paired were used fcr a I comparisons belcv. Cur v.' or!-: revealed tnat trie 
baseline MVD cf marrow is lev B.15 ".'esse Is sq um, standard error 
.5-5; n = "6 sarnies and is similar to that cuclisned for nerval Ivmch 



nodes involved witn lymphoma have a sightly higher 



ttvI c ro"esse 1 s /' sq um, SD 2 3.39; r. = 5Z'- than marrow involved '.%'ith 
lymphoma ; . 4 9 . 6 t. i c roves se Is /sq um, SC 1 " . } 5 ; n = 38) , tnougn both are quite 
significantly elevated from the normal baseline MVD as shoAn above. These 
data allow us to compare involved and unirr/olved sites over time and 
assess the changes in MVD as they relate to changes in disease status. We 
reviewed 2 4 paired biopsy samples taken from the same patient at the same 
time, A'ith a different result (i.e. one site involved with lymphoma and 
the other site not involved) . The mean MVD for this subgroup' of involved 
sites was "7 4. 6, 3D 29.1, and was significantly higher than the uninvolved 
sites tested at the same time in the same patients (mean MVE> E.9 
mi cro T *essels/sq um, 3D 5.5, p< . 0001) . We reviewed 39 pairs of biopsy 
specimens in which the earlier specimen was involved with disease and the 
later one, post therapy, was not. There is a significant decrease in mean 
MVD from the initial involved biopsy compared to the later uninvolved 
biopsy i me an difference 5 2.1 mi . c roves sel s / sq um, SD 3 0.3, p<.0C01) . 
Further, review of 22 paired samples reveled that in patients who 
nad biopsies with no involvement initially and later developed 
involvement at that site had a significant increase in the MVD, 
corresponding to progressive disease {mean increase 50.76 microvessels/sq 
um, SD 2 5.79, p<.0001) . These data reveal the dynamic nature of 
angiogenesis within the same patient, noting that the increase in 
ang i.ogenes is in lymphoma appears localized to the site of disease. 
Further, the degree of angiogenesis continues to vary within patients, 
over time, in relation to the disease status of the site biopsied. This 
may have important implications as we target disease therapy with 
ant i . - angiogenes i s agents. The unique properties of the stromal 
tissue within the disease site and how the stroma varies over time, 
rather than known circulating stimulants of angiogenesis, may be 
important to explore regarding the reasons the increased angiogenes i s 
remains localized to the disease site rather than increased throughout 
the whole organism. 
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Plasmapheresis improves survival in drug induced thrombotic thrombocytopenic 

purpura: Systematic review of published case reports. 
AUTHOR: Majhail Navneet S(a); Lichtin Alan E 

AUTHOR ADDRESS: (a) Internal Medicine, Cleveland Clinic Foundation, 

Clevei and, OH**USA 
JOURNAL: Blood 98 (11 Part 2}:p60b-61b November 16, 2001 
MEDIUM: print 
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Acute, severe thrombocytopenia and sarcoidosis. 
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Zhang Yuanchao; McBrien J(a); Tsai C(a) 
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LANG U AG E : E n g 1 1 s n 

ABSTRACT: Acute, severe t n rombc ry t open i a is a rare but potential!;/ fatal 
conpiicaiion of sarcoidosis. We report a 31 year -old man who presented 
■with ecistaxis and severe thrombocytopenia [ 5 X109/L) . Blood smear 
demonstrated normal red and v. h:te blood re 11 morphology. Bone 
marrow biopsv was n~r^a : . ~~he t h romb oc.'t ^pen va fai \ r o respond to 




respectively . All the patients ha d a tissue diagnosis of 

sarcoidosis eventually. Bone marrow biopsy was preformed in 

all 2: patients and c:oe nad evidente of sarcoidosis involvement. 

? 1 a: e 1 et ■ as so r i at ed IgGs were oeterted in all 3 patients in w:\cm it was 

tested, ana Coc^bs test 'a as positive in 3 of 11 patients tested. 

Pernios ion was achieved in 12 of I* 7 patients .-cio were treated with 

steroids. Cf 5 patients Ant failed steroids, tnree patients responded to 

IGIY witn steroid, one tc vincristine with steroid, and one to 

st lene c t omv . Of = patients not treated witn steroids, tnree underwent 

st 1. ere z t omv with good response. Two patients died of intracranial 

nemorrnaae be ft re effective treatment. Severe t n rcmoocy tc p en 1 a in 

sarcoid-: sis nav tie mediated by immune mechanisms. Sarcoidosis should be 

considered in the differential diagnosis of severe thrombocytopenia. 

Steroids may be offered as the first oho ice of treatment. 
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Disseminated malignant ec 1 0 mesenchymoma (MEM): Case report and review 

of t he literate re . 
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ABSTRACT: Malignant ec t ome s enc hymoma (MEM) is a rare soft tissue 

t.vnor believed to arise from a pluripotent migratory neural crest cell 
and composed of both a mesenchymal element and a neuroectodermal element. 
The authors report the case of an 1.1 -month-old male who presented with a 
local abdominal MEM and systemic metastases into lungs, liver, bones, and 
bone marrow. This is the first reported case of an MEM witn 
initial bone marrow dissemination. The tumor consisted of a 
neuroblastoma component and a mesenchymal component with sarcomatous 
features. Diagnosis and therapy were complicated by the histological 
heterogeneity of the tumor, /;hi :h also influenced the clinical appearance 
and course in this case. A literature search revealed 15 other evaluated 
cases that arose in soft tissue and had adequate c 1 1 n : c opa t ho 1 eg 1 c 
data. Complete surgical resect : cn was the mainstay cf treatment, and 

h *- h 0 ra r v alec accearod to be important. In all rerouted Lcit.tv.ts n = 
3 w : t h : n : t : a 1 me t a s t a s e s c r bone ma r row dissemination, as 
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Macrophage activation syndrome: A potentially fatal complication of 

rheumatic disorders. 
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ABSTRACT: Aims: To review the precipitating events, clinical 

features, treatment, and outcome of macrophage activation syndrome (MAS). 
Methods: Retrospective review cf cases of MAS from a prospectively 
collected database of children with rheumatic diseases from 1980 to 2000. 
Results: Nine patients (eight girls) were considered to have evidence of 
MAS. The primary diagnosis was systemic onset juvenile idiopathic 
arthritis in seven, enthesitis related arthritis in one, and chronic 
infantile neurological cutaneous articular syndrome in one. Mean age of 
onset was 5.7 years, and duration prior to MAS, 4.2 years. No medication 
,vas identified as a trigger. Eight had infections prior to MAS; specific 
infectious agents were identified in four. High grade fever, new onset 
hepatosplenomegaly , and lymphadenopathy were common clinical features. 
Platelet counts fell dramatically, from an average of 346 to 99X109/1. 
Mean erythrocyte sedimentation rate (in three patients) fell from 115 to 
28 mm/h. Eight had abnormal liver function during the disease course, and 
six had coagulopathy. Bone marrow examination supported the 
diagnosis with definite haemophagocytosi s in four of seven. All received 
high dose steroids (eight intravenous, one oral), five cyclosporin, two 
cyclophosphamide, and one ant i thymocyte globulin. Two of three patients 
with significant renal impairment died. Conclusion: MAS is a rare and 
potentially fatal complication of childhocd rheumatic disorders. Most of 
our patients were female, and most cases were preceded by infection. 
Bone marrow studies support the diagnosis. Deranged renal 
function may be a poor prognostic sign. Aggressive early therapy is 
essential . 
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Cereoellar granulocytic sarcoma in an infant with CB56+ acute monoblastic 
le jkemia . 

AUTHOR: Pciachcu Leonard Elene 'a 1 ; Paterakic Georgios; Stefanaki Ka 1 li^pi ; 




SUM MA P. V LANGUAGE: English 

ABSTRACT: Grar.ilo:y: i : sarcoma US is a form of extramedullar'/ leukaemia 
i EML ■ . Trie presenre of the neural cell adhesion molecule N SAM on the 
sirfa:e of the blasts, which is recognized by the CD 5 6 monoclonal 
antibody, enhances their propensity for tissue penetration. GS 
■vithm the central nervous system i CNS i , in particular within the 
:erebellum, is extremely uncommon. We review the literature and 
describe an infant with isolated cerebellar GS relapse, which antedated a 
3D^6 + acute monoblastic leukaemia bone marrow ( BM ; relapse. 
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Sources of hematopoietic stem cells for transplantation. 
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ABSTRACT: Campath-IH is a humanized monoclonal antibody targeted against 
the CDwS2 membrane antigen of lymphocytes, which causes complement and 
ant i body- dep-endent eel 1 -mediated cytotoxicity. Campath-IH has been used 
in B- chronic lymphocytic leukemia (3-CLL), T - prol ymphocy t i c leukemia 
(T-PLL), and low-grade non -Hodgk in 1 s lymphoma (LGNHL). Campatn-1H is 
administered intravenously thrice weekly for up to 12 wk, at an initial 
dose of 3 mg, escalated to ic and 3 0 mg . The responses (complete (CR) and 
partial (PR)) obtained in untreated 3-CLL patients are of the order of 
=«Gs. In previously treated E-CLL patients, responses are of the order of 
approximately 4 0%, with 2-4* CRs . Responses are more prominent in the 
blood and bone marrow compared to the lymph nodes. The 

median duration of response is ?-12 mo. Because of the antibody's higher 
activity on circulating lymphocytes, it has been used for in vivo purging 
of residual disease in B-CLL, followed by autologous stem-cell 
transplantation. In heavily pretreated advanced stage LGNHL , response is 
achieved only in 14 1 of cases with B -phenot ype ; a 50% response rate is 
no-ted in mycosis fungoides. In T-PLL, the CR rate is approximately £0%. 
Promising results have been reported in a small number of patients with 
refractory autoiminune thrombocytopenia of lymphoprol i fera t ive disorders. 
The main cc>mp 1 i cat ions of Campath-IH treatment are caused by tumor 
necrosis factor (TNF) -alpha and interleukm (ID - 6 release, usually 
during the first intravenous infusion, and include fever, rigor, nausea, 
vomiting, and hypotension responsive to steroids. These side effects are 
usually less severe with subsequent infusions and can be prevented by 
paracetamol and antihistamines. Immune sup res s ion resulting from normal B- 
and T- lymphocyte depletion is frequent, resulting in an increased risk 
for O'p-pO'r t un i s t i c infections. More clinical triads in a larger number of 
patients are necessary to determine the exact role and indications of 
Campath-IH :n 1 ymp hop ro 1 : fera t ive disorders. 
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ABSTRACT: W T e present a review of the clinically oriented literature 

abou*: BK virus, a relative of JC virus, which is the etiologic agent of 
progressive multifocal ] eukoencephal op a thy (PML). The kidney, lung, eye, 
liver, and brain have been proposed as sites of BK vi rus - associated 
disease, both primary and reactivated. BK virus has also been detected in 
tissue specimens from a variety of neoplasms. We believe that BK 
virus is most often permissively present in sites of disease in 
immunosuppressed patients, rather than being an etiologic agent that 
causes symptoms or pathologic findings. There is, however, strong 
evidence for BK vi rus -associated hemorrhagic cystitis and nephritis, 
especially in recipients of solid organ or bone marrow 

transplants. Now that BK virus can be identified by use of specific and 
sensitive techniques, careful evaluation of the clinical and pathologic 
presentations of p>atients with BK virus will allow us to form a clearer 
picture of viral -associated pathophysiology in many organ systems. 
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ABSTRACT: We identified 3 patients with autoimmune myelofibrosis ' AM ) 
1 a c k i n g Ame r i c a n P n e u ma 1 1 s m nssocist icn criteria f c ; r s y s t e t. i c lupus 
erythematosus (SLE). They had I cr 2 cytopenias and lacked serologic 
evidence for SLE. Autoimmune features included psoriatic arteritis and 
pop: v7;p d-r^^t Ponmbs test 'DOT- result, DOT - pns i t i ve autoimmune 
hemolytic anemia, and synovitis witr polycional hypergamm.ag 7 obu 7 i nerni a . 



Bone marrow biopsy -pecir.ens crcm eacr. pa::er.: 




crimes. In 2 cases, increased small T cells and 3 cei^s forme:: 
r.Dr.paratrabecular, Iccse aggregates. AM is a c 1 i ni copat h clog i c entity 
that mav lark features of SLE . Loose aggregates :»f bone 
marrow T and B lymphocytes and the absence of morphologic ana 
clinical features of myeloproliferative disease or lo>.-grade 
Ivnchoprol i f erat ive disease are clues that distinguish AM from better 
kno/.m causes of bone marrow fibrosis. 
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ABSTRACT: Total lymphoid irradiation (TLI), originally developed as a 

non -myeloablat ive treatment for Hodgkin's disease, has been adapted for 
the induction of immune tolerance to organ allografts in rodents, dogs 
and non-human primates. Moreover, pret ransplanta t ion TLI has been used in 
prospective studies to demonstrate the feasibility of the induction of 
tolerance to cadaveric kidney allografts in humans. Two types of 
tolerance, chimeric and non- chimeric , develop after TLI treatment of 
hosts depending on whether donor bone marrow cells are 

transplanted along with the organ allograft. An advantageous feature of 
TLI for combined marrow and organ transplantation is the protection 
against graft -versus -host disease (GVHD) and facilitation of chimerism 
afforded by the predominance of CD4+NK1 . l+-like T cells in the irradiated 
host lymphoid tissues. Recently, a completely post - transplantat ion TLI 
reqimen has been developed resulting in stable mixed chimerism and 
tolerance that is enhanced by a brief course of cyclospcrme. The 
post-transplantation protccol is suitable for clinical cadaveric kidney 
transplantation. This review summarizes the evolution of TLI 
protocols for eventual application to human clinical transplantation and 
discusses the mechanisms involved in the induction of mixed chimerism and 
protection f r:m GVHD. 
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ABSTRACT: T-cell differentiation in the thymus generates a peripheral 
repertoire of mature T cells that mounts strong responses to foreign 
antigens but is largely unresponsive to se 1 f - ant i gens . This state of 
specific immunological tolerance to se 1 f - component s involves both central 
and peripheral mechanisms. Here we review tne process whereby many 
T cells with potential reactivity for sel f -ant igens are eliminated in the 
thymus during early T-cell differentiation. This process of central 
tolerance (negative selection; reflects apoptosis and is a consequence of 
immature T cells receiving strong intracellular signalling through T-cell 
receptor (TCR) recognition of peptides bound to major histocompatibility 
complex (MHC> molecules. Central tolerance occurs mainly in the medullary 
region of the thymus and depends upon contact with peptide -MHC complexes 
expressed on bone -marrow- derived ant igen -present ing cells 
(APCs); whether tolerance also occurs in the cortex is still 
controversial. Tolerance induction requires a combination of TCR ligation 
and co - st imu latory signals. Co- stimulation reflects interaction between 
complementary molecules on T cells and APCs and probably involves 
multiple molecules acting in censort, which may account for why deletion 
of individual molecules with Known or potential co- stimulatory function 
has little or no effect cn central tolerance. The range of sel f - ant igens 
that induce central tolerance is considerable and, via low-level 
expression in the thymus, may also include tissue-specific 
antigens; central tolerance to these latter antigens, however, is likely 
to be limited to- high- affinity T cells, leaving low-affinity cells to 
escape. Tolerance to alloantigens and the possibility of using central 
tolerance to promote acceptance of allografts are discussed. 
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sycsmetric a::a:v3:s cf peripheral blood lymphocytes, because 
T.;m.cr Resist:".' da: a collection usually rey;: res a tissue diagnosis, 

t".;m- >/ Registries, .-.".nich are an iT.portar.: source of epidemiological data. 

incidence of I'LL. Tc test this nypotnesis, v;e reviev.'ed the actual and 
reported incidence : f CL L for 10 years : : =• 9 C to 1999' at the Little Rock 
Veterans Affairs Medical Center : YAM r . Review of medical ana 
laboratory resords snowed that 93 patients had a nev; diagnosis of CLL. 
Tne Tumor Registry reported 6 0 new oases of CLL from 199 0-1999 (55% of 
actual total' . From 19 90 - 1 996, wner. most diagnoses were cased on 
bone marrow biopsy, tne Tumor Registry reported 91* of newly 
diagnosed LLL . In 199", aoourate flow cytometry on peripheral blood 
became readily available at tne Little Roci YAML. Inrreased .se of flow 
cytometry for diagnosis of CLL was associated with a marked decrease in 
Tumor Registry reporting. From 1997 to 1999, tne Tumor Registry reported 
a significantly Lower 22* of patients with newly diagnosed CLL (P < 0.01, 
Students test). Conclusion: Tumor Registry data significantly 
underestimated the incidence of CLL at the Little Rock VAMC after 1997 
die to tne failure to include diagnoses made solely by flow cytometric 
analysis of peripheral blood. Because many hospital Tumor- 
Registries do not routinely monitor flow cytometry results, this may 
reflect a widespread problem. Our data suggest tnat the national 
incidence estimates for CLL based on Tumor Registry data may be low and 
tnat the disease may be significantly more common than currently 
reported. Tumor Registry data collection should oe modified to routinely 
include reports from f Low cytometry facilities. 



2000 



9 i 3, A3 '6 9 (Item 37 from file: E ) 

DIALOG ( R. ) File 5 : 3 Los l s Previews (R) 
(c) 200 1 3 IOS IS. All rts. reserv. 

13-10765 9 5 IOS I S NO . : 20 0 1003 14 5 0 3 

Treatment of autoimmune diseases by hematopoietic stem sell 

t ransplantat ion . 
AUTHOR: Ikehara Susumu(a) 

AUTHOR ADDRESS: (a) First Department of Pathology, Kansai Medical 
University, 10-15 Fumi zcno - cho , Moriguchi City, Osaka, 570-3506: 
i ke h a r a 1 a k i i . kmu .as.jp** Jap a n 

JOURNAL: Experimental Hematology (Charlottesville) 29 (6>:p661-669 June, 

2001 

MEDIUM: print 
ISSN: 0 3.0 1 -472X 

DOCUMENT TYPE: Literature Review 
REOORI TYPE: Abstract 
LANGUAGE : Eng 1 1 s h 
SUMMAF Y LANGUAGE : Eng 1 l s n 

ABSTRACT: Remarkable advances nave been mace in bone marrow 

transplantation i3MT), which now has become a powerful strategy for 
treatment of leukemia, aplastic anemia, congenital immunodeficiency 
disorders, and autoimmune diseases. Using various animal models, 
Y Ivoene: : BMT has been found to re useful in tne treatment of auto: 
>i ; sprsp- . In MRL'Tpr ^ice, which ure radiosensitive ■: 2 . o Cy and ai 




^:axs^e;:c t;;t:;^; c;:e :::d::;:fcaidi:c::s cf the au:c:":""^"e diseases recurred 

''.'■'ever, the :r.a::c:: cf 5MT plus bone 

icr stromal cells was capable cf preventing trie 
;r.e diseases m Mr 1 Icr mice. Tr.is strategy v;as 
f :vv: tc ce ineffective m the treatment cf MRL Ipr vice tnat had 
developed autoimmune diseases, because tnese vice were more sensitive tc 
trie effects cf radiation after the onset cf lupis nepnritis due tc urevic 
enterocolitis. We nave recently distivered a safer strategy for treatment 
of avrcvwe diseases, which includes fractionated irradiation 5.5 
GyX2 'day-l- followed by portal vencus irrectovi da/ cv plus 
intravenous injection vday E ] of doner unf ract i onated bone 
marrow cells. We successfully treated autoimmune diseases in 
MRL/Ipr mice using this strategy; 111* of MRL/Ipr mice treated m this 
fashion survive >1 year after treatment. We identified the mechanisms 
underlying the components cf this approach and nave found that stromal 
sells play a crucial rele in successful 3MT . In this review, the 
conditions essential for successful allogeneic ~MT are discussed. 
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ABSTRACT: To review the role of each imaging modality in the 

diagnosis, staging, follow-up during combined chemioradiotherapy and 
detection of recurrences of primary NH Lymphoma of the bone, we 
ha\ r e prospectively studied 8 patients (5 female, 3 male; age 19-79, mean 
51 : with biopsy-proven primary NH Lymphoma without evidence of systemic 
disease. All hav r e been studied with plain films and CT; MR was obtained 
in 6/8 cases. US was obtained to evaluate soft tissue involvement 
in all cases. Percutaneous needle biopsy ; 6 bones, 2 soft, tissue 
masses) was always performed. Radiological follow-up after combined 
chemioradiotherapy was performed in all cases. In five patients the 
primary MH Lymphoma affected the axial skeleton, in two the iliac 
bone and in one the femur. The most common pathologic type was 
follicular lymphoma (B-cell). The radiographic appearance ranged from 
lytic m=5 pts) to sclerotic. CT showed respectively the lytic character 
and focal cortical change. MR showed a focal area of low signal intensity 
on Tlx, nigh intensity on 2 TW ana STIR, with marked cent rast - medium 
uptake. US identified a nor. homogeneous solid mass involving the soft 
tissues, with 1 ess of tne osseous integrity. MR better evaluated the 
neoplastic extension in the bone marrow and surrounding 

ext racs sec us structures, before and folicwmg mu 1 1 imcca 1 1 ty therapy. The 
diagnosis of primary NH Lymphoma cf the bone is made on the basis 
of hi stcpatholcgi cai examination of the biccsv of the affected bone 
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AESTR ACT : We present a rare case of and granulocytic sarcoma in a patient 
'.vr:h sickle cell disease (SCDj . The patient is a 3 8 -year old man with 
known Hemoglobin SC disease who sought medical attention because of 
severe pain and swelling in his left gluteal region and left thigh. At 
presentation his WBC count was 3 52 thousand/micro 1 i ter with 4 8 % 
pc ly chroma tophi Is , hemoglobin of 9.2 gm/dl and a platelet count of 975 
thousand/microliter . Multiple computed tomographic scans of the lower 
extremities were performed, which showed marked necrosis in his gluteal 
and quadriceps group of muscles on the left side. He subsequently 
underwent an open debridement. Hi s topathology report from the excised 
tissue shewed a differentiated granulocytic sarcoma. A bone 
marrow bicpsy showed nearly 100% cellularity with trilmeage 
hyperplasia, which was more pronounced in the granulocytic line. There 
was a myelocytic bulge and blasts constituted less than 1% cf all 
nucleated cells. The patient subsequently received local irradiation and 
was placed on hydroxyurea at a dosage of 1500 mg/day. He shewed clinical 
resolution of the pain and swelling as well as normalization of his WBC 
and platelet count. Upon review of the medical literature this 
appears to be the first case report of a patient with Hemoglobin SC 
disease presenting with granulocytic sarcoma. 
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ABSTRAoT: In recent years, mere has been an increasing interest in 
.no :i - ne:r at op c i ec ic pi^ripocent progenitor cells that are found in the 
bone marrow. Mesenchymal stem cells 'MSCs^ are the first 
n : n - nerr at op o le t i c progenitors to be isolated from, the bone 
marrow and extensively characterized. In addition to their ability 
to supp-orc r.emat opc les 1 s , MSCs can differentiate into osteocytes, 
:r. : ndrc cytes , tenccytes, adipocytes and smooth muscle cells. This article 
will review our current understanding cf bone marrow 

stroma and MSCs and their potential therapeutic rcle in the setting of 
he"" a copoiet i c sten: cell transplantation. 
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ABSTRACT: The identification of cytoki nes -- soluble or membrane - bound 
i-egulators of hematopoietic stem and progenitor cell survival, 
proliferation, and differentiation - and the definition of culture 
conditions that enable cell and progenitor expansion, has lead to the 
first clinical trials using cultured ceils in addition to or in place of 
unmanipulated cells. The use of ex vivo expanded cells can improve 
several aspects of autologous and allogeneic hematopoietic cell and 
progenitor transplantation, such as reducing or abolishing the nadir that 
follows high-dose chemoradi at ion therapy regimens, or reducing the 
clinical risks associated with the use of small numbers of progenitors as 
:n cord blood transplantation and in autologous transplantation for 
poor mobilizers. In addition, biological questions raised by ex vivo 
expansion are shared by scientists and clinicians interested in gene 
transfer into hematopoietic stem cells. We here review the 

ri:-lcgical problems associated with ex vivo expansion: defining efficient 
culture conditions, considering not only scientific and tio logical issues 
but also regulatory and commercial issues, defining appropriate surrogate 
endecints that predict engraftment and superior clinical efficacy to that 
obtained with the use of unmanipulated grafts. We also review the 
results of the first clinical trials that have demonstrated the 
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ABSTRACT : Amifostine has recently been approved for clinical radiotherapy 
as a protector against i r radiation - induced xerostomia. It is our aim to 
review the outlook for using amifostine as a general clinical 
radioprotector . Protection against X-rays is mainly obtained by the 
scavenging of free radicals. The degree of protection is therefore highly 
deoendent on oxygen tension, with protection factors ranging from 1 to 3 . 
Maximal protection is observed at physiological levels of oxygenation. A 
great variability in protection has also been observed between different 
normal tissues. Some tissue, like brain, is not protected while 
salivary glands and bone marrow may exhibit a three -fold 
Increase in radiation tolerance. Amifostine is dephosphory 1 i zed to its 
active metabolite by a process involving alkaline phosphatase. Due to 
lower levels of alkaline phosphatase in tumor vessels, amifostine is 
marketed as a selective protector of normal tissue and not tumors. 
However, the preclinical investigations concerning the selectivity of 
amifostine are controversial and the clinical studies are sparse and do 
net have the power to evaluate the influence of amifostine on the 
therapeutic index. Conclusion: based on the present knowledge amifostine 
shouLd only be used in experimental protocols and not in routine 
practice . 
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-i.r.A^.: Magnet:: rescr.ar.ce imaging :->.l has important applications in 
muscu .1 cs he 1 e: a 1 r.edicir.e. It allows the visualization of bone and 

unique./ suited to imaging the r.oeumatoid joint. Bony erosions are seen 
vol. using MR 1 m early rheumatoid arthritis and are frequently detected 
cefore they appear on clam radiographs. Bone marrow oedema 
:= another important MR! feature associated with inflammatory joint 
disease and may be a forerunner of erosion. Synovial memcrane 
inflammation ani hypertrophy are detected after contrast enhancement and 
also by t ne use of dynamic MR I techniques, which provide a non- invasive 
met noo to accurately measure the inflammatory process. Tnis information 
can oe analysed and collated using MRI scoring systems and ultimately ma\ 
ne used to improve diagnostic accuracy, predict prognosis and monitor 
tnerapy m tnese p>atients . Tnis review examines the case for the 
use of MR T in early inflammatory arthritis, outlining its strengths and 
potential weaknesses as an imaging modality in this context and 
indicating its potential role in clinical practice. 
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DOCUMENT TYPE: Article 
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LANGUAGE : English 
SUMMARY LANGUAGE: English 

ABSTRACT: Myelolipoma is a tumor- like growth composed of mature fat 
tissue and bone marrow elements. It occurs in the 
adrenal gland or as an isolated soft tissue mass. It may be 
associated with endocrine disorders such as hermaphroditism, Cushing's 
disease, Addison's disease and obesity of unknown cause. These lesions 
rarely measure more than 5 cm in diameter, although giant tumors have 
been reported in the literature. The fifth largest surgically resected 
adrenal myelolipoma in the literature is reported and its clinical 
associations and, macroscopic and microscopic features are discussed. 

2000 



9/3,A3/77 litem 45 from, file: 5) 

DIALOG (R) Fi le 5 : Bios is Previews (R) 
i c . 1 0 0 I & I OS I S . All rts. rese rv . 

12650770 BIOSIS NO.: 200000404272 

Canine models for human genetic neurodegenerative diseases. 

AUTHOR: Parsoum Suzy C; Callahan Heather M; Robinson Kelly; Chang Patricia 
i_i i a > 

AUTHOR ADDRESS: :'a ■ Department of Pediatrics Health Sciences Centre, 

''cMaster University, 1200 Mam Street West, Rocm 3N13, Hamilton, 0;;, LBS 
i j 9 * * c a n a d a 



2000 



-ev : ev: 



. J- rL o 



: l. "anine models of huT.an neurodegenerative aisoraers are 
; n . Brieve::, t::e similarity between canines and humans m body 
;na pr.vsiolugy provides an exceptional opportunity to use tnese 
■node Is t o study numan diseases. 2. The authors will present a 
review on the neurological deficits that nave been observed in 
ran me models of genetic neurodegenerative diseases, and summarize the 
current gene the rap'/ treatments being developed for some of these 
cone it ions . 
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ABSTRACT: We present an unusual manifestation of tuberculosis in a patient 
on hemodialysis. A 7 3 -year-old woman was admitted to our hospital with a 
picture of fever, dyspnea and weight loss. She had chronic renal failure 
and had started periodic hemodialysis 5 years before. Fifteen days after 
admission, she began with pancytopenia, abnormal liver function and 
coagulopathy. A bone marrow aspiration was made 1 week later 
showing macrophage elements with phagocytic activity. Eight weeks later, 
bone marrow culture in Lowenstein media confirmed the 
presence of tuberculosis. After the beginning of antituberculosis 
therapy, the laboratory disturbances disappeared and the clinical 
situation improved. We think that fever of unknown origin and 
pancytopenia in patients on maintenance hemodialysis must lead to an 
early bone marrow biopsy or aspiration since after the 
diagnosis a specific therapy can cure the disease. 
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DOCUMENT TYPE: Literature Review 
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LAN3UA3E: English 

S YMMAR Y LAW 2-UA3E : Eng lis n 

ABSTRACT: Mice genetically deficient in the natural killer ( N K ) cell 
lineage lack uterine (uNK cells) and demonstrate 

rorpncmet rical ly- quant i f iable h i s topac ho logy within their implantation 
sites. Taj particular mouse strains, tgeps 1 Ion , 2 6 and RAG - 2 null X gamma c 
null, have been used successfully as transplant recipients tc address 
questions relating to the biology of uNK ceils. uNK ceils did not 
differentiate within decidualized uterine graft segments from normal 
mice, wmcn were anastomosed o r thot op i ca 1 1 y into immunodef i z i enc hosts. 
uMK cells did appear in similar grafts placed into immunocompetent hosts, 
indicating tnat uNK cells or their progenitors must home to the uterus. 
This was confirmed by splenocyte transplantation into pregnant uNK cell 
deficient recipients. Only splenocytes from pregnant donors, not those 
from non -pregnant donors, homed to the uterus. Homing in this in vivo 
assay was independent of the CC-chemokme receptors, CCR-2 and CCR-5. 
Longer- term bone marrow cell recons t itut ion of neonatal or 

virgin adult uNK cell- deficient mice has identified a functional role for 
uMK cells in modification of the decidual arterioles which is mediated by 
IFIJ-gamma. By utilizing mutant and gene -ablated mice as donors for 
tissue or haematopoietic cell transplants to uNK cell deficient 
mice, it should be possible to fully characterize the in vivo regulation 
and functions of these p regnanoy- spec i f ic uterine lymphocytes . 
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ABSTRACT: A review of the experiments with animal models of 

autoimmune disease (AID j that nave provided the rationale for the present 
cl.nitai investigations on the use of autologous stem cells for treating 
catients '.\'ith severe refractor'/ AID. The various t vices of .AID in 
laboratory animals and the recognition of the key- red e of hematopoitic 
stem rells (HSC* in AID are discussed. Two animal models //ere employed 
for translat icnal research on autclcqous bone marrow 
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Gene transfer to suppress bone marrow alo'Iation sensitivity. 
AUTHOR: Roth Richard B; Samson Leora Dial 

AUTHOR ADDRESS: fa) Department of Cancer Cell Biology, Harvard School of 

Public Health, 665 Huntington Avenue, Boston, MA, 02il5**USA 
JOURNAL : Mutation Research 46 2 (2-3) :plD7-12C April, 2000 
ISSN: 302"' -5107 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : Eng 1 i. sh 
SUMMARY LANGUAGE: English 

ABSTRACT: Alkylating agents represent a highly cytotoxic class of 
chemotherapeut ic compounds that are extremely effective ant i- tumor 
agents. Unfortunately, alkylating agents damage both malignant and 
non-malignant tissues. Bone marrow is especially sensitive to 
damage by alkylating agent chemotherapy, and is a dose - 1 imi t ing 
tissue when treating cancer patients. One strategy to overcome 
bone marrow sensitivity to alkylating agent exposure involves 
ciene transfer of the DNA repair protein 06 -me thy Iguanine DNA 
met hyltransf erase (06MeG DNA MTase) into bone marrow cells. 
06MeG DNA MTase is of particular interest because it functions to protect 
against the mutagenic, clastogenic and cytotoxic effects of many 
chemotherapeut ic alkylating agents. By increasing the 06MeG DNA MTase 
repair capacity of bone marrow cells, it is hoped that this 
tissue will become alkylation resistant, thereby increasing the 
therapeutic window for the selective destruction of malignant 
tissue. In this review, the field of 06MeG DNA MTase gene 
transfer into bone marrow cells will be summarized with an 
emphasis placed on strategies used for suppressing the deleterious side 
effects of chemotherapeut ic alkylating agent treatment. 
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5a::'.grcur.d: Ocris c i z ;;t. ; ve activation of ?; : . receptor tyrosine kinase is 

mesylate, a seie:tr/e tyrosine kinase inhibitor, nas been shown in 
preclinical models and preliminary clinical studies to have activity 
against such timers. 

Methods: We conducted an open-label, ran i cmi zed , multicencer trial to 
evaluate t he activity cf imatinib in patients Aitn advanced 
gastrointestinal stromal turner. V. r e assessed antitumor response and the 
safety and tolerability of the drug. Pharmacokinetics were assessed in a 
subgroup of patients . 

results: A total of 14" 7 patients were randomly assigned to receive 4C0 
*ng or -EDO mg of imatinib daily. Overall, 79 patients (.53.7 percent* had a 
partial response, 4 1 patients i27.9 percent' nad stable disease, and for 
technical reasons, response could not be evaluated in 7 patients (4.8 
percent 1 . Mo patient had a complete response tc> the treatment. The median 
duration of response had nO't Deer, reached after a median follow-up of 24 
weeks after the onset of response. Early resistance to imatinib was noted 
in 20 patients (13.6 percent). Therapy was well tolerated, although 
mi Ld - to -moderate edema, diarrhea, and fatigue were common. Gastrointestinal 
■or intraabdominal hemorrhage occurred in approximately 5 percent of 
patients. There were no significant differences in toxic effects or 
response between the two doses. Imatinib was well absorbed, with 
pharmacokinetics similar to those reported in patients with chronic myeloid 
leukem i a . 

Conclusions: Imatinib induced a sustained objective response in more 
than half of patients with an advanced unresectable or metastatic 
gast rc i ntest inal stromal tumor. Inhibition of the KIT signal - transduction 
pathway is a promising treatment for advanced gastrointestinal stromal 
tumors, which resist conventional chemotherapy. (N Engl J Med 
2 0 0 2 ; 3 4 7 : 4 7 2 - 8 0 . ) 
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Abstract 

Background: Bone marrow contains stem cells with the 
potential to differentiate into mature cells of various organs. We 
determined whether circulating stem cells have a similar potential. 

Methods: Biopsy specimens frcm the liver, gastrointestinal tract, and 
skin were obtained from 12 patients who had undergone transplantation of 
hematopoietic stem cells from peripheral blood (11 patients) or 
bone marrow (1 patient). Six female patients had received 

transplants from a male donor. Five had received a sex-matched transplant, 
and one had received an autologous transplant. Hematopoietic stem-cell 
engraftment was verified by cytogenetic analysis or 

restriction-fragment -length polymorphism analysis. The biopsies were 
studied for the presence of donor - derived epithelial cells or hepatocytes 
with the use of fluorescence in situ hybridization of interphase nuclei and 
immunchistochemical staining for cytokeratin, CD45 (leukocyte common 
antigen), and a hepatocyte - spec i f i c antigen. 

Results: All six recipients of sex-mismatched transplants showed 
evidence of complete hematopoietic donor chimerism. XY-pcsitive epithelial 
cells or hepatocytes accounted for 0 to 7 percent of the cells in 
histologic sections of the biopsy specimens. These cells were detected in 
liver tissue as early as day 13 and in skin tissue as late as 
day 354 after the transplantation of per iphera I -blood stem cells. The 
preserve of donor cells in the biopsy specimens did not seem to depend on 
the intensity of tissue damage induced by graf t - versus - host disease. 

rone I us ions : Circulating stem cells can differentiate into mature 
hepatocytes and epithelial cells of the skin and oast remtest i na \ tract. : N 
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3a ckgr c.:nd : Successful eng ra ^ t "ien: cf hematopoietic stem cells f rcT. 
unrelated dcncrs is influenced by disparities be:v;een the dcncr and 
recipient for HLA- A, 3, ana 2 alleles, disparities bet we en HLA sequence 
polymorphisms tnat are serologically detectable are termed antigen 
mismatches, whereas those tnat can be identified only by DNA-oased typing 
methods are termed allele mismatches. Whether both kinds of polymorphisms 
are important m transplantation is not known. We tested the hypothesis 
that allele mismatches that are detectable only at the DNA level are less 
immunogenic than tnose that are serologically detectable ani thereby are 
associated with a lower risk of graft failure after hematopoi et i c - ce 1 1 
t ransp L antat ion - 

Methods: We used LNA sequencing to define the HLA-A, B, and 2 alleles 
in -4 7 1 patients who received bone marrow from unrelated donors 
for tne treatment of chronic myeloid leukemia after myeloablat lve 
conditioning therapy. The odds ratios for graft failure were determined for 
recipients of transplants from donors with a single class I allele 
mismatch, a single class I antigen mismatch, or two or more class I 
mismatches, as compared with those with no mismatch. 

Results: A single HLA allele mismatch did not increase the risk of 
graft failure, whereas a single antigen mismatch significantly increased 
the risr-i. The risk was also increased if the recipient was HLA homozygous 
at the mismatched class I locus or if the donor had two or more class I 
mismatches . 

Conclusions: HLA class I antigen mismatches that are serologically 
detectable confer an enhanced risk of graft failure after 

hematopo iet ic - eel 1 transplantation. Transplants from donors with a single 
class I allele mismatch that is not serologically detectable may be used 
without an increased risk of graft failure. (N Engl J Med 
2 001 ; 34 E : 17 94 - 80 0 . ) 



9/3, AB' 107 (Item 26 from file: 444) 

DIALOG (F.) File 444: Hew England Journal of Med. 
(c 2003 Mass. Med. Soc . All rts . reserv. 

0 01220 04 

Copyright 2001 by the Massachusetts Medical Society 

Fluconazole Prophylaxis against Fungal Colonization and Infection in 
Preterm Infants (Original Articles) 

Kaufman, David; Boyle, Robert; Hazen, Kevin C; Patrie, James T.; 

Robinson, Melinda; Donowitz, Leigh Goodman. 

The New England Journal of Medicine 

Dec 6, 2001; 345 (23), pp 1660-1666 

LINE COUNT: 00 3 8^ WORD COUNT: 05342 

Abstr a ct 

Background: Invasive fungal infection is associated with substantial 
morbidity and mortality in preterm infants. We evaluated the efficacy of 
prophylactic fluconazole in preventing fungal colonization and invasive 
infection in extremely- low- birth -weight infants. 

Methods: We conducted a prospect ive , randomized, double -blind clinical 
trial over a 2 0 -month period in 100 preterm infants with birth weights of 
less than 1000 g. The infants were randomly assigned during the first five 
days of life to receive either intravenous fluconazole or placebo for six 
- o p c; _ v p obtained w eekli' sur"6i ' "arcs : ~* u 1 1 u y ~ e s from all n a l "isnt£. 




isolates f re: the blood, urine, cr cereorosp .: r.a I fluid developed in 

i: :nf at.:? 1:1 trie pi a:eco group 10 per rent and none of the infants in the 

fluconazole group ^difference in risk, j.20; 95 percent confidence 

: rv e rv a 1 , 0.14 to 0.36; P=0.jOS'. The sensitivities of tne fungal isolates 

to fluconazole did not change during tne study, and no adverse effects of 

t ne f 1 u z 0 na 2 0 1 e the r a py we re do c ume nte:. 

Oonclusions: Prophylactic admi ni s t rat ion of fluconazole during the 
first six weeks of life is effective in preventing fungal colonization and 
mvasve fungal infection in infants with birth weights of less than 1000 
g. iM Kng] J Med 2 001;345:1660-6.) 
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Background: Infliximab is a Humanized antibody against tumor necrosis 
factor laipha) ( TXF - \ alpha ) ) tnat is used m the treatment of Crohn's 
disease and rheumatoid arthritis. Approximately 14^,000 patients throughout 
the a jrli have received mfliximao. Excess TNF-i alpha) in association with 
t ube r :u 1 os i s may cause weight loss ani night sweats, yet in animal models 
it. has a protective role in the host response to tuberculosis. There is no 
direot evidence of a. protective role of TNF - \ a 1 pha ) in patients witn 
t ube r ru los is . 

Methods: We analyzed all reports of tuberculosis after infliximab 
therapy tnat had been received as of May 29, 2001, through the MedWatch 
spontaneous reporting system of toe Food and Drug Administration. 

Results: There were 70 reported cases of tuberculosis after treatment 
with infliximab for a median of 12 weeks. In 48 patients, tuberculosis 
developed after three or fewer infusions. Forty of the patients had 
extrapulmonary disease (17 had disseminated disease, 11 lymph-node disease, 
4 peritoneal disease, 2 pleural disease, and 1 each meningeal, enteric, 
paravertebral, bone, genital, and bladder disease) . The diagnosis was 
confirmed by a biopsy in 3 3 patients. 2f the 7 0 reports, 64 were from 
countries with a low incidence of tuberculosis. The reported frequency of 
tuberculosis in association with infliximab therapy was much higher than 
the reported frequency of other opportunistic infections associated with 
this drug. In addition, the rate of reported cases of tuberculosis among 
patients treated with infliximab was higher than the available background 
rates . 

Conclusions: Active tuberculosis may develop soon after the initiation 
of treatment with infliximab. Before prescribing the drug, physicians 
should screen patients for latent tuberculosis infection or disease. (N 
Engl J Med 2001;345:1098-104.) 
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Abs t ra rt 

Background: The HER2 gene, which encodes the growth factor receptor 
HER2 , is amplified and HER2 is overexpressed in 25 to 30 percent of breast 
cancers, increasing the aggressiveness of the tumor . 

Metnods : We evaluated the efficacy and safety of trastuzumab, a 
recombinant monoclonal antibody against HER2 , in "women with metastatic 
breast cancer that overexpressed HER2 . We randomly assigned 234 patients to 
receive standard chemotherapy alone and 23 5 patients to receive standard 
chemotherapy plus trastuzumab. Patients who had not previously received 
adjuvant (postoperative) therapy with an anthracyc 1 ine were treated with 
doxorubicin (or epirubicrn in the case of 3 6 women) and cyclophosphamide 
with (14 3 women) or without trastuzumab (138 women) . Patients who had 
previous iy received adjuvant anthracyc! i ne were treated with paclitaxel 
alone ',96 women) or paclitaxel with trastuzumab (92 women) . 

Results: The addition of trastuzumab to chemotherapy was associated 
with a longer time to disease progression (median, 7.4 vs. 4.6 months; 
P<0.001i, a higher rate of objective response (50 percent vs. 32 percent, 
P<0.C01', a longer duration of response (median, 9 . 1 vs. 6.1 months; 
?<0.001;, a lower rate of death at 1 year (22 percent vs. 33 percent, 
P=0.00S:, longer survival (median survival, 25.1 vs. 20.3 months; P=C.046), 
and a 2 0 percent reduction in the risk of death. The most important adverse 
event was cardiac dysfunction, which occurred in 27 percent of the group 
given an anthracycl me , cyclophosphamide, and trastuzumab; 8 percent of the 
grout' given an anthracycl ine and cyclophosphamide alone; 13 percent of the 
grout' given paclitaxel and trastuzumab; and 1 percent of the group given 
paclitaxel alone. Although the cardiotoxici ty was potentially severe and, 
in some cases, 1 i fe - threaten ing , the symptoms generally improved with 
standard medical management. 

Conclusions: Trastuzumab increases the clinical benefit of first- line 
chemotherapy in metastatic breast cancer that overexpresses HER 2 . (N Engl J 
Med 2 001 ; 344 : 7 83 - 92 . ) 



9/3,AE/l22 (Item 4 1 from file: 444/ 

) 1 ALOO R' File 444:i;ew England Journal of Med. 
c 2 CO 3 Mass. Med. Soc . All rts . reserv. 




Wee!-:!'.' ~l : r. : ccpat hclcg : ca 1 Exercises: rase 5 -20 01: A 6 1 -Year -Old "an with 
Transien: ^uadrip^egia and Apnea Gase Records or the Massachusetts General 
Hosp : t a I 

us, David . 
rnal of Med : : : ne 
1 1 '■ , pp 6 3 2 - 5 3? 

WORD 20UNT : 3 5 046 



?,3,AB 123 Otem 42 from file: 444 : 

D I ALOG ; R ' File 4 44: New England Journal of Med. 
., c ■ 1 JO 3 Mass. Med. Soc . All rts. reserv. 

: ■: :. 2 : 1 7 i 

Copyright 2 00 1 by the Massa rhuset t s Meditai Society 

Air.'arves in Immunology: Tolerance and Autoimmunity t Review Articles: 1 

Kamradt , Thomas; Mitchison, N. Avrion. 

The New England Journal of Medicine 

Mar I , 2001; 344 ( 9 ) , pp 655-664 

LIKE COUNT: 0 0451 WORD COUNT: 06236 



niig^anc ^cu. 
2 0 01; 3 4 4 

TNT: C 24 3 8 



? / 3 / A3/124 (Item 43 from file: 444) 

DIALOG (R) File 444:New England Journal of Med. 
(c- 2 003 Mass. Med. Soc. All rts. reserv. 

0 012: 13 3 

Copyright 200 1 by the Massachusetts Medical Society 

Weekly CI inicopathological Exercises: Case 5-2001: A 52 -Year -Old Man with 
Chronic Anemia and Sudden Severe Abdominal Pain (Case Records of the 
Massachusetts General Hospital) 

Navab, Far had; Yantiss, Rhonda K. 

The New England Journal of Medicine 

Feb 15, 2001; 344 { 7 ) , pp 510-517 

LINE COUNT: 0 052 3 WORD COUNT: 072 3 0 



3/:. , A3 / 125 (Item 44 f rom file: 444) 

DIALOG (R) File 444:New England Journal of Med. 
(c) 2003 Mass. Med. Soc. All rts. reserv. 

'30121095 

Copyright 2 001 by the Massachusetts Medical Society 

Advances in Immunology: Asthma (Review Articles) 

Busse, William W.; Lemanske, Robert F., Jr. 

The New England Journal of Medicine 

Feb I, 2001; 344 ( 5 ) , pp 350-362 

LINE COUNT: 00512 WORD COUNT: 07069 



9 / 3 , AB 1 2 6 i 1 1 em 4 5 f rom file: 444) 

D IAL0G f . R i F 1 1 e 444: New England Journal cf Med. 
■ c .■ 2 0 0 3 Mass. Med. Sec. All rts. reserv. 




( Iten 46 from file: 444 > 
4 4 4: New Engl ana Jou ma 1 of Med. 
Med. Soc. All. rts. reserv. 

DO 1 2 1 0 6 2 

Copyright 2 001 by the Massachusetts Medical. Society 

Enzyme - Replacement Therapy in Mucopolysaccharidosis I (Original Articles.; 

Kakkis, Emil D.; Muenzer, Joseph; Tiller, George E . ; Waber, Lewis; 

Belmont , John; Passage, Merry; Izykowski, Barbara; Phillips, Jeffrey; 

Doroshow, Robin; Walot, Irv; Heft, Richard; Yu, Kian T.; Okazaki, 

Susie; Lewis, Dave; Thompson, Jerry N . ; Neufeld, Elizabeth F. 

The New England Journal of Medicine 

Jan 13, 2001; 344 ( 3 ) , pp 182-188 

LINE COUNT : 0 0401 WORD COUNT: 05547 

Abstract. 

Background: Mucopolysaccharidosis I is a lysosomal storage disease 
caused by a deficiency of the enzyme ( alpha )- L - iduronidase . We evaluated 
the effect of enzyme - replacement therapy with recombinant human 
(alpha) - L- iduronidase in patients with this disorder. 

Methods: We treated 10 patients wi.th mucopolysaccharidosis I (age, 5 
to 22 years) with recombinant human ( a Ipha )- L- iduronidase at a dose of 
125, 0CC U per kilogram of body weight given intravenously once weekly for 
5 2 weeks. The patients were evaluated at base line and at 6, 12, 26, and 5 2 
weeks by detailed clinical examinations, magnetic resonance imaging of the 
abdomen and brain, echocardiography, range - of -mot ion measurements, 
polysomnography, clinical laboratory evaluations, measurements of leukocyte 
(alpha) -L- iduronidase activity, and urinary glycosami noglycan excretion. 

Results: Hepatosplenomegaly decreased significantly in all patients, 
and the size of the liver was normal for body weight and age in eight 
patients by 2 6 weeks. The rate of growth in height and weight had increased 
by a mean of 85 and 131 percent, respectively, at 52 weeks in the six 
prepubertal patients. The mean maximal range of motion of shoulder flexion 
and elbow extension increased significantly. The number of episodes of 
apnea and hypopnea during sleep decreased 61 percent. New York Heart 
Asscciation functional class improved by one or two classes in all 
patients. Urinary glycosami noglycan excretion decreased after three to four 
weeks of treatment; the mean reduction at 52 weeks was 6 3 percent of 
base-line values. Five patients had transient urticaria during infusions. 
Serum antibodies to ( a Ipha ) - L - iduroni da se were detected in four patients. 

Conclusions: In patients with mucopolysaccharidosis I, treatment with 
recombinant human (alpha) -L- iduronidase reduces lysosomal storage in the 
liver and ameliorates some clinical manifestations of the disease. (N Engl 
J Med 2 001 ; 344 : 182 - 8 . ) 
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.Abstract 

Background and Methods : We tested the usefulness of measuring the 
hepatic iron concentration to evaluate total body iron stores in patients 
who had been cured of thalassemia major by bone marrow 

transplantation and who were undergoing phlebotomy treatment to remove 
excess iron. 

Results: We began treatment with phlebotomy a mean (+/-SD) of 
4.3- + /-2.7 years after transplantation in 48 patients without hepatic 
cirrhosis. In the group of 25 patients with liver-biopsy samples that were 
at least 1.0 mg in dry weight, there was a significant correlation between 
the decrease in the hepatic iron concentration and total body iron stores 
(r=0.98, P<0.001) . Assuming that the hepatic iron concentration is reduced 
to zero with complete removal of body iron stores during phlebotomy, the 
amount of total body iron stores (in milligrams per kilogram of body 
weight) is equivalent to 10.6 times the hepatic iron concentration (in 
milligrams per gram of liver, dry weight) . With the use of this equation, 
we could reliably estimate total body iron stores as high as 250 mg per 
kilogram of body weight, with a standard error of less than 7.9. 

Conclusions: The hepatic iron concentration is a reliable indicator of 
total body iron stores in patients with thalassemia major. In patients with 
t ransf us ion - related iron overload, repeated determinations of the hepatic 
ircn concentration can provide a quantitative means of measuring the 
long-term iron balance. (N Engl J Med 2 0 00;343:327-31.) 
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mD o t r a c t 

Background: The acute chest syndrome is the leading cause of death 



techniques suggest mat inrectitn ar.: rat er.cc. :sm are ur.:er: 
patients with tne syndrome. 

Metroes : In a 3 C ■■ center scidv, .ve analyzed 6 " 1 episodes 
cnest syr.drcme in 333 patients .wen sickle sell disease to determine the 
caise, j.:c:r.e, and response to therapy. >,e evaluate: a treatment protocol 
teat included matcied transfusions, or encnodi lators , and o roncnosc op;/ . 
Samples of blood and respiratory tract secretions were sent to 
sent rax laboratories for antinomy testing, culture, DNA testing, and 
n i s t op a : no I : g i c i 1 analyses . 

Fes-Its: Nearly naif the patients were initially admitted for another 
reason, mainly pain. When, the aoute chest syndrome was diagnosed, patients 
hac hypoxia, decreasing hemoglobin vaLes, and progressive multilocar 
pneumonia. The mean length of hospitalization was 10.5 days. Thirteen 
percent of patients required mechanical vent i 1 at 10 n , and 3 percent died. 
Patients who were 2 0 or more years of age nad a more severe course than 
tnosT /.'.no were younger. Neurologic events occurred in 11 percent of 
patients, among whom 4 6 percent had respiratory failure. Treatment with 
pnen ocyp l ca 1 ly matched transfusions improved oxygenation, with a 1 percent 
rate of alloimmunization. One fifth of the patients who were treated with 
cronoriodi lators had clinical improvement. Eighty-one percent of patients 
who required mechanical ventilation recovered. A specific cause of the 
acute chest syndrome was identified in 3 6 percent of all episodes and 70 
percent of episodes with complete data. Among tne specific causes were 
pulmonary fat embolism and 27 different infectious pathogens. Eighteen 
patients died, and the most common causes of death were pulmonary emboli 
and infectious bronchopneumonia. Infection was a contributing factor in 56 
percent of the deaths. 

Conclusions: Among patients with sickle cell disease, the acute chest 
syndrome is commonly precipitated by fat embolism and infection, especially 
commun i ty - acqu i red pneumonia. Among older patients and those with 
neurologic symptoms, the syndrome often progresses to respiratory failure. 
Treatment with transfusions and bronch od i lators improves oxygenation, and 
with aggressive treatment, most patients who have respiratory failure 
recover. (K Engl J Med 2000;34 2:1355-65.) 
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Abs t ract 

Background: Reactivation of polyomavirus type BK (BK virus) is 
increasingly recognized as a cause of severe rena 1 -al lograf t dysfunction. 
Currently, patients at risk for nephropathy due to infection with the BK 
virus are identified by the presence of cells containing viral inclusion 
bodies decoy cells' ') in the urine :>r by biopsy of allograft 
tissue . 

Methods : In a retrospective analysis, we performed 
polymerase-chain-react ion assays for BK virus DNA in plasma samples from 9 
renal-allograft recipients with BK virus nephropathy; 41 renal -allograft 
recipients who did not have signs of nephropathy, 15 of whom had decoy 
cells in the urine; and as immunocompromised controls, 17 patients who had 
human immunodeficiency virus type 1 (HI.V-1) infection (stage C3 according 
to the classification of the Centers f:>r Disease Control and Prevention) 
and who had not undergone transplantation. 

Results: In all nine patients with BK virus nephropathy, BK virus DNA 
was detected in the plasma at the time of the initial histologic diagnosis 
ia mean w-3D] of 4c+/-28 weeks after transplantation) and during the 
course of histologically diagnosed, persistent BK virus disease. In three 
of tne six patients with nephropathy who were studied serially after 
transplantation, BK virus DNA was initially undetectable but 'was detected 
If to 33 weeks before nephropathy became clinically evident and was 
confirmed by biopsy. Tests for BK virus DNA in plasma Decame negative and 
<- Vi p ^ ^ ^ v-, v- . -i +- v> ■ - r p c 1 ' 1 p j 3 *~ (=■ >■ ti ^ e d — ^ e ^ of ; ^Tur.^s iccress i v6 druos 1 *. - e r e 
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Acs t r act 

Background: The ability to identify infants with sickle cell anemia 
•a 1 ho are likely to nave severe complications later in life would permit 
accurate prognostication and tailoring of tnerapy to match d i sease - re lated 
risks and facilitate planning of clinical trials. We attempted to define 
the features of such babies dv f o 1 lowing the clinical course of 392 
children with sickle cell disease from infancy to about the age of 10 
yea rs . 

Methods: We analyzed the records of 392 infants who received the 
diagnosis of homozygous sickle ceil anemia or sickle cell- (beta) (sup 
0) -thalassemia before the age of six months and for whom comprehensive 
clinical and laboratory data were recorded prospectively; data were 
available for a mean (+/-SD) of 10.0 + / -4. 8 years. Results obtained before 
the age of two years were evaluated to determine whether they predicted the 
outcome later in life. 

Results: Of tne 392 infants in the cohort, 70 (18 percent) 
subsequently had an adverse outcome, defined as death (18 patients 26 
percent]), stroke (25 36 percent]), frequent pain (17 24 percent]), or 
recurrent acute chest syndrome (10 14 percent]). Using multivariate 
analysis, we found three statistically significant predictors of an adverse 
outcome: an episode of dactylitis (defined as pain and tenderness in the 
nands or feet) before the age of one year (relative risk of an adverse 
outcome, 2.55; 95 percent confidence interval, 1.39 to 4.67), a hemoglobin 
level of less than 7 g per deciliter (relative risk, 2.47; 95 percent 
confidence interval, 1.14 to 5.33), and leukocytosis in the absence of 
infection (relative risk, 1.80; 95 percent confidence interval, 1.05 to 
3.09) . 

Conclusions: Three easily identifiable manifestations of sickle cell 
disease that may appear in the first twc years of life {dactylitis, severe 
anemia, and leukocytosis) can help to predict the possibility of severe 
sickle cell disease later in life. (N Engl J Med 2 000;342:83-9.) 
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Acquisition of ire/. as ive/mec.as t a t i c potential is a key event in tumor 
progression. Cell surface glycoproteins and their respective matrix ligands 
have been implicated in this process . Recent evidence reveals that the 
score ted glycoprotein SPARC 'secreted protein, acidic and rich in 
cysteine^ is highly expressed in different malignant tissues. The present 
stacy reports tnat the suppression of SPARC expression by human 
melanoma c e : I s u s i r. g a S P ARC an t i s en s e expressi o n v e c t o r 
resuits in a significant decrease in the in vitro adhesive and invasive 
capacities of turner cells, completely abolishing their in vivo 
tumor iqen i c 1 1 v . This is the first evidence that SPARC clan's a ken - 
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Suppression of SPARC expression by antisense RNA abrogates the 
tumorigenicity of human melanoma cells. 

Ledda MF; Adris S; Bravo AI ; Kairiyama C; Bover L; Chernajovsky Y; Mordoh 
J; Podhajcer OL 
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Acquisition of invasive/metastat ic potential is a key event in tumor 
progression. Cell surface glycoproteins and their respective matrix ligands 
have been implicated in this process. Recent evidence reveals that the 
secreted glycoprotein SPARC {secreted protein, acidic and rich in cysteine) 
is highly expressed in different malignant tissues. The present study 
reports that the suppression of SPARC expression by human melanoma cells 
using a SPARC antisense expression vector results in a significant 
decrease in the in vitro adhesive and invasive capacities of tumor cells, 
completely abolishing their in vivo tumorigenicity. This is the first 
evidence that SPARC plays a key role in human melanoma invas ive -metastatic 
phenotype development . 
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[The role of SPARC gene in tumorigenic capacity of human melanoma cells] 
Rol del gen SPARC en la capacidad tumorigenica de celulas de melanoma 

humano . 
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Previous studies from our laboratory have demonstrated that human 
melanoma cell lines and tumors expressed high levels of the extracellular 
protein SPARC. In order to demonstrate its role in human melanoma 
progression, I IB -MEL - LES human melanoma cells were transfected with SPARC 
full length c-DNA in the antisense orientation. In vivo studies 
demonstrated that all the control mice injected with parental cells 
developed tumors, while none of the mice injected with cells obtained from 
three different clones with diminished levels of SPARC expression, 
developed tumors. These studies suggest that SPARC may play a key role in 
human melanoma progression. 
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Thirty-three osteosarcomas at various grades of histologic 
differentiation, including chondroblast ic , osteoblastic, and fibroblastic 
variants, were investigated immunohi stochemical ly for evidence of 
osteonectin . Twenty-two cases of varying types of osteosarcoma were 
examined with in situ hybridization for mRNA expression of 
osteonectin. Immunohistochemical ly , osteonectin was present in 
all the osteosarcomas in this study. With in situ hybridization, 12 out of 
22 osteosarcomas showed a positive signal. Two osteochondrosarcomas, seven 
chondrosarcomas, and one mesenchymal chondrosarcoma were also studied with 
regard to the localization of osteonectin , either 
immunohistochemically or by in situ hybridization. Immunohistochemical ly , 
osteonectin was present in all the chondroid lesions except for one 
osteochondroma. However, in situ hybridization of osteonectin mRNA 
was negative in all the chondroid lesions we studied. This study revealed 
that immunohistochemical localization of osteonectin is not useful in 
providing conclusive diagnosis of osteosarcoma. In situ hybridization of 
osteonectin mRNA might be useful in differentiating osteosarcoma from 
nonsteogenic bone tumors . 
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Extracellular matrix components in intestinal development. 
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Intestinal morphogenesis and differentiation are dependent on heterotypic 
cell interactions between embryonic epithelial cells (endoderm) and stromal 
cells (mesenchyme) . Extracellular matrix molecules represent attractive 
candidates for regulators of these interactions. The structural and 
functional diversity of the extracellular matrix as intestinal development 
proceeds is demonstrated by 1) spatio-temporal specific expression of the 
classically described constituents, 2) the finding of laminin and collagen 
IV variants, 3) changes in the ratio of individual constituent chains, and 
4) a stage- specif ic regulation of basement membrane molecule production, in 
particular by glucocorticoids. The orientation/assembly of these 
extracellular matrix molecules could direct precise cellular functions 
through interactions via integrin molecules. The involvement of 
extracellular matrix, and in particular basement membrane molecules in 
heterotypic cell interactions leading to epithelial cell differentiation, 
has been highlighted by the use of experimental models such as cocultures, 
hybrid intestines and antisense approaches. These models allowed us 
to conclude that a correct elaboration and assembly of the basement 
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Osteonectin is an adhesive glycoprotein synthesized constitut ively 
by osteoblasts, endothelial cells, and megakaryocytes. Bone-derived and 
platelet-derived osteonectins differ in their elect rophoret ic 
mobility and carbohydrate content, and each displays different affinities 
for collagen matrices. Both types of osteonectin bind to plasminogen 
(Kd(app), of 4.7 +/- 1.0 x 10(-8) M for bone osteonectin and 1.2 +/- 
0.1 x 10 (-7) M for platelet osteonectin) . The osteonectin 
-plasminogen interaction is inhibited by alpha 2 - ant iplasmin and 
epsi lon-aminocaproic acid, suggesting that the interaction is mediated 
through the kringle 1 region of plasminogen. Both osteonectins 
enhance the rate of plasmin generation by tissue-type plasminogen activator 
to approximately the same extent as fibrinogen. Equilibrium binding 
measurements conducted using total internal reflection fluorescence 
spectroscopy indicate that plasminogen binds to collagen in the presence of 
bone osteonectin (Kd = 1.30 +/- 0.1 x 10(-7) M) . No binding of 
plasminogen to collagen matrix was detected in the presence of platelet 
osteonectin or in the absence of bone osteonectin. Bone 
osteonectin -dependent binding of plasminogen to collagen matrix is 
reversed by the addition of epsilon-aminocaproic acid. The ability of both 
types of osteonectin to bind to and influence plasminogen activation 
and of bone osteonectin to anchor plasminogen on collagen matrices 
suggests that osteonectin may play a role in directing extracellular 
matrix proteolysis . 
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Differential effects of retinoic acid and growth factors on osteoblastic 
markers and CD10/NEP activity in stromal -derived osteoblasts. 
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The effects of retinoic acid (RA) on the expression of 
osteoblast ic-related cell markers was examined. A marrow stromal osteogenic 
cell line, MBA- 15, was analyzed by Northern blotting for the expression of 
bone matrix proteins. These cells cons t i tut ively express mRNA encoding for 
procollagen alpha 2 (I) , osteonectin , osteopontin, biglycan, and 
alkaline phosphatase (ALK-P) . Gene expression was unchanged in response to 
RA triggering for 24 hr . Furthermore, cell growth and enzymatic activities 
of ALK-P and neutral endopept idase (CD10/NEP) were studied. These 
parameters were examined in MBA-15 and clonal populations representing 
different stages of differentiation. The cell's growth rate was unchanged, 
while ALK-P activity was greatly increased during the culture period under 
RA treatment in MBA-15 and in the clonal cell lines examined while CD10/NEP 
activity displayed a different pattern. MBA-15. 4, a preosteoblas t cell 
line, exhibited an inhibition in CD10/NEP activity at the beginning 



of the culture period, reaching basal level with time. This activity was 
greatly increased over control level in MBA- 15. 6, a mature stage of 
osteoblasts. Furthermore, the response of cell lines to various growth 
factors was tested subsequent to priming the cultures with RA . A 
synergistic effect was monitored for ALK-P activity in MBA -15. 4 and 
MBA-15.6 cells under rh-bone morphogenic protein (BMP-2) and purified 
osteogenin (BMP-3), and an antagonist effect was measured when cells were 
exposed to transforming growth factor beta (TGF beta) . Contrarily, BMP-2 
and BMP - 3 inhibited the CD10/NEP activity that had remained unchanged 
following priming of the cell with RA. Insulin-like growth factor I (IGF-I) 
and basic fibroblast growth factors (bFGF) did not affect either ALK-P nor 
CD10/NEP activities in both cloned cells. Cellular response to bone-seeking 
hormone, parathyroid hormone (PTH) , and prostaglandin E2 (PGE2) was 
monitored by activation of intracellular cAMP . Treatment with RA caused a 
dramatic decrease in MBA-15.6 cell responses to PTH and PGE2 , but no 
significant effects could be observed in other clonal lines. 
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Water soluble derivatized dextran named E9 with a molecular weight of 
45,000 g 1-1 containing 58% methyl carboxylic acid unit, 19% benzylamide 
unit, and 26% sulfonate with a specific anticoagulant activity of 0.29 IU 
mg-1 was studied for its effects on human osteoblast growth and 
phenotype expression for short-term treatment. At concentrations between 1 
ng ml-1 and 1 microgram ml - 1 E9 has no effect on DNA synthesis whereas at 
higher concentrations DNA synthesis is inhibited in a dose related 
fashion (87% for 400 micrograms ml-1) . For concentrations which do not 
modify osteoblast growth, E9 promotes alkaline phosphatase activity, type I 
collagen and osteocalcin synthesis with a maximum effect for 0.1-1 
microgram ml-1. It has a synergistic effect with hPTH increasing AMPc . 
Moreover, osteonectin synthesis was enhanced in a dose-dependent 
manner between 0.1 and 5 micrograms ml-1. These results seem to indicate 
that E9 is able to stimulate human osteoblast phenotype expression 
and could be useful in clinical applications. 
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The lack of precise clinical criteria for assessment of periodontal 
disease has led to a search for alternative means of determining active 
disease sites, prognosis of future sites of breakdown, and response to 



therapy. This review highlights the potential array of biomarkers present 
in gingival crevicuiar fluid and which may relate to existing or predicted 
tissue regions undergoing metabolic change and derived from bacterial or 
host - eel 1 - derived products. Among the former may be listed endotoxin, 
amines, butyrate, and a variety of enzymes and their inhibitors, such 
as trypsin-like proteases and bacterial collagenase. Arising from host 
cells is a variety of leucocytic hydrolase enzymes, lactoferrin, and 
lysozyme. These appear to be useful inflammatory markers and may be 
distinguished from products of connective tissue breakdown which include 
collagenous and non- col lagenous products, including collagen peptides, 
osteonectin, and fibronectin. The proteoglycans have found particular 
favor as biomarkers of possible bone - resorpt ive activity. Attention has 
also been directed at the immune response, including comment on 
immunoglobulins, complement, eicosanoids, and cytokines. This review lists 
available information on the presence of these in gingival sulcus fluid and 
wherever possible relates their presence to disease activity. 
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An extracellular matrix-associated glycoprotein expressed in a variety of 
tissues during embryogenesis and repair, SPARC contains modular domains 
that can function independently to bind cells and matrix components. 
Because SPARC can selectively disrupt cellular contacts with matrix and 
thereby effect changes in cell shape, it has been referred to as an 
antiadhesin. Inhibition of the expression of SPARC altered axial 
development in frogs, and deregulated expression in nematode worms resulted 
in a derangement of muscle attachment and embryonic lethality. SPARC also 
inhibits cell cycle progression in vitro, in part through a cationic, 
disulfide -bonded region that is homologous to a repeated domain in the 
cytokine inhibitor , follistatin. Moreover, SPARC binds specifically 
to the B chain of platelet -derived growth factor and alters the response of 
cells to several cytokines. Although information concerning the expression, 
biochemical properties, and cellular activities of SPARC has increased 
significantly over the last decade, the precise function of the protein has 
not been resolved. Goals of future studies include characterization of 
cell-surface receptors for SPARC and the interactions with morphogens and 
growth factors that regulate specific activities during animal development. 
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Human bone marrow stromal cells were examined for their osteogenic 
potential in an in vitro cell culture system. Dexamet hasone (Dex) treatment 
induced morphological transformation of these cells from an elongated to a 
more cuboidal shape, increased their alkaline phosphatase activity and cAMP 
responses to PTH and prostaglandin E2 , and was essential for mineralization 
of the extracellular matrix. Dex-induced differentiation of human 
bone marrow stromal cells was apparent after 2-3 days of treatment and 
reached a maximum at 7-14 days, as judged by alkaline phosphatase activity, 
although induction of osteocalcin by 1 , 25 -dihydroxyvi tamin D3 was 
attenuated by Dex. Withdrawal of Dex resulted in an enhancement of the 
1 , 25 -dihydroxyvi tamin D3-induced secretion of osteocalcin, whereas alkaline 
phosphatase activity and the cAMP response to PTH remained at prewi thdrawal 
levels. The steady state mRNA level of osteonectin was not affected 
by Dex. Our results, which demonstrate that Dex conditions the 
differentiation of human bone marrow osteogenic stromal cells into 
osteoblast - like cells, support the hypothesis of a permissive effect of 
glucocorticoids in ensuring an adequate supply of mature osteoblast 
populations. Furthermore, the established human bone marrow stromal 
cell culture provides a good model of an in vitro system to study the 
regulation of differentiation of human bone osteoprogenitor cells. 
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SPARC is a secreted glycoprotein that modulates cell shape and 
cell-matrix interactions. Levels of SPARC are increased at sites of 
somitogenesis , osteogenesis, and angiogenesis in the embryo and during 
wound repair in the adult. We have cloned and characterized SPARC from 
chicken embryo. A 2.2-kbp cDNA, obtained by a novel use of the polymerase 
chain reaction, was determined to encode a 298-residue protein that is 85% 
identical to human SPARC. Antigenic sites in particular appear to be 
highly conserved, as antibodies against C-terminal sequences of murine and 
bovine SPARC reacted with a 41-43 kDa protein in chicken embryo extracts. 
Chicken SPARC can be defined by four sequence signatures: (a) a conserved 
spacing of 11 cysteine residues in domain II, (b) the pentapeptide KKGHK in 
domain II, which is contained within a larger region of 31 identical 
residues, (c) a 100% conserved region of 10 residues in domain III, and (d) 
a C-terminal, calcium-binding EF-hand motif. SPARC mRNAs in the 10-day-old 
chicken embryo are represented by three sizes of 1.8, 2.2 and 3.0 kb . The 
relative steady-state levels for the 2.2-kb mRNA were determined as aorta > 
or = skeletal muscle > calvarium > vertebra > anterior limb > kidney > 
heart > brain > skin and lung >> liver. The relative abundance of the 
1.8-kb and 2.2-kb mRNAs varied among tissues and indicated that 
differential processing of SPARC mRNAs might occur. All three RNA species 
were detected by a cDNA probe for the N- terminal part of the coding region. 
Thus, the three mRNA species appear to arise from differential 3' splicing 
and/or polyadenylat ion . Collective evidence demonstrates that SPARC has 
been wel 1 - conserved during vertebrate evolution, a finding that indicates a 



fundamental role for this protein in development 
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SPARC (secreted protein, acidic and rich in cysteine), also known as 
osteonectin, is an extracellular Ca+2 -binding glycoprotein that 
inhibits the incorporation of [3H] -thymidine and delays the onset of 
S-phase in synchronized cultures of bovine aortic endothelial (BAE) cells. 
This effect appears not to be dependent on the functional properties of 
SPARC associated with changes in cell shape or inhibition of cell 
spreading. In this study we investigate the conditions under which cell 
cycle modulation occurs in different types of cells. Human umbilical 
vein endothelial cells, a transformed fetal BAE cell line, and bovine 
capillary endothelial cells exhibited a sensitivity to SPARC and a cationic 
peptide from a non-Ca+2 -binding region of SPARC (peptide 2.1, 0.2-0.8 mM) 
similar to that observed in BAE cells. In contrast, human foreskin 
fibroblasts and fetal bovine ligament fibroblasts exhibited an increase in 
the incorporation of [3H] -thymidine in the presence of 25 microM-0.2 mM 
peptide 2.1; inhibition was observed at concentrations in excess of 
0.4 mM. This biphasic modulation could be further localized to a sequence 
of 10 amino acids comprising the N-terminal half of peptide 2.1. A 
synthetic peptide from another cationic region of SPARC (peptide 2.3) 
increased [3H] -thymidine incorporation by BAE cells and fibroblasts in a 
dose-dependent manner. In endothelial cells, a stimulation of 50% was 
observed at a concentration of 0.01 mM; fibroblasts required approximately 
100-fold more peptide 2.3 for levels of stimulation comparable to those 
obtained in endothelial cells. The observation that SPARC and unique SPARC 
peptides can differentially influence the growth of fibroblasts and 
endothelial cells in a concentration-dependent manner suggests that SPARC 
might regulate proliferation of specific cells during wound repair and 
remodeling . 
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Expression of SPARC (secreted protein acidic and rich in cysteine), a 
43-kDa extracellular matrix-associated glycoprotein involved in tissue 
remodeling, was quantitated during normal human keratinocyte iNHK) 
growth in culture and as a function of sodium n-butyrate (NaB) -induced 
differentiation to mature enucleate cornified envelopes ICEs) . Low levels 
of SPARC expression were observed in the basal-like cells of control NHKs , 
with isolated cells showing intense SPARC expression on the ventral 
surface. After addition of NaB, SPARC expression increased and the pattern 
of expression shifted to one involving predominantly suprabasal cells 
(i.e., spinous cells, pre-CEs, and mature CEs). Dense deposits of SPARC 
often surrounded the mature CEs. Flow cytometric analysis indicated that 
approximately 13% of NHKs expressed SPARC within 24 h of seeding into 
culture. This fraction of SPARC+ cells increased with time and peaked 
immediately postconf luence (31.3 + /- 6.3% SPARC + ) . Cellular SPAP.C 
expression then decreased to baseline levels during entrance into plateau 
phase growth. SPARC was detectable in all phases of the cell cycle. SPAP.C 
levels were more intense and heterogeneous within the G2/M and Gl phases 
while S phase cells exhibited relatively homogeneous, low intensity, SPAP.C 
expression. During NaB-induced NHK differentiation, SPARC intracellular 
content increased prior to the onset of CE formation {i.e., 2 days after 
its addition) followed by a period of extracellular accumulation which 
coincided with the time of maximal CE generation (i.e., Days 4 and 5 after 
NaB addition) . Correlation of cell size with anti-SPARC immunoreact ivity 
revealed a predominance of SPARC expression in cells with a suprabasal 
phenotype. NHKs cultured on fibronectin (FN), an established modulator of 
epidermal cell maturation in vitro, showed a similar response to NaB. In 
general, however, the level of NaB-induced SPARC expression was 
considerably reduced in FN cultures correlating with a lower efficiency of 
CE formation. Induced SPARC expression was, in large part, dependent on 
autocrine transforming growth factor-beta (TGF-beta) production since 
incubation in the presence of NaB+neutral izing antibodies to TGF-beta 
inhibited both the expression of SPARC by 72% and development of 
mature CEs . 
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To examine the presence of substances which inhibit calcification 
in human ligamentum flavum, the inhibitory effect of an Na2HP04 
extract of the flavum was determined in terms of the in vitro calcium 
uptake of the ligamentum flavum matrix. Additionally, grafts of extracted 
and non-extracted dry ligamentum flavum matrices were transplanted into the 
dorsal muscles of rats, and calcification in the grafts was examined 
radiologically and histochemical ly . In order to determine if component 
cells of human ligamentum flavum produce calcification 
inhibitors, ligamentum flavum cells were cultured, and the crystal 
inhibitor activity of the culture medium was measured by a seed test 
which used hydroxyapat ite as the nucleus of precipitation. The 
calcification reaction system demonstrated that the ligamentum flavum 
extract contains an inhibitory factor for calcium uptake by the 
ligamentum flavum matrix. The seed test revealed that human 
ligamentum flavum cells produce calcification inhibitor activity. 
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We previously showed that thrombospondin, a major alpha-granule 
glycoprotein of human platelets, forms a specific complex with 
osteonectin , a phosphoglycoprotein originally described in bone that 
is also present in human platelets. The storage organelles and the 
function of osteonectin in platelets are still unknown. In this 
study, using electron microscopy in combination with immunogold staining, 
the major storage organelle for platelet - secreted proteins, the 
alpha-granules. Furthermore, osteonectin was qualitatively and 
quantitatively assessed by studying normal platelets and the platelets from 
a patient with gray platelet syndrome. Gray platelet syndrome is a rare 
congenital bleeding disorder characterized by a selective deficiency in 
morphologically recognizable platelet alpha -granules and in the 
alpha -granule secretory proteins. Binding of an iodinated ant iosteonect in 
monoclonal antibody to gray platelet proteins transferred to nitrocellulose 



from SDS -polyacry lamide gels showed no band corresponding to 
osteonectin compared to control platelets. Using a polyclonal 
ant iosteonect in antibody-based radioimmunoassay, gray platelets contained 
0,2 +/- 0.03 ng osteonectin per 10(6) platelets, which is only 20% of 
the normal platelet content of osteonectin (0.93 +/- 0.16 ng per 
10(6) platelets). Study of the localization of osteonectin to the 
surface of human platelets demonstrated that a radioiodinated 
ant iosteonect in polyclonal antibody bound specifically to 

thrombin-st imulated platelets but not to resting platelets. Binding was 
concentration-dependent, saturable (1710 +/- 453 binding sites per 
platelet, Kd = 1 microM) , and inhibited by an excess of cold 
antiosteonectin polyclonal antibody. No binding was observed on the surface 
of thrombin-stimulated gray platelets. To gain further insights into the 
role of osteonectin released from activated platelets, the effect of 
an antiosteonectin polyclonal antibody was tested on the aggregation of 
washed platelets. F(ab')2 fragments from the antiosteonectin polyclonal 
antibody inhibited in a dose -dependent manner the aggregation of 
collagen- st imulated, washed human platelets without affecting 
collagen- induced platelet serotonin release. To characterize the mechanism 
through which antiosteonectin F(ab')2 fragments inhibit platelet 
aggregation, the expression of endogenous thrombospondin (TSP) on the 
surface of thrombin-act ivated platelets was studied using 1251-labeled 
anti-TSP monoclonal antibody P10. The endogenous surface expression of TSP 
to thrombin-stimulated platelets was significantly inhibited in the 
presence of antiosteonectin F{ab')2 fragments (6286 + /- 2065 molecules of 
P10 per platelet) compared to 11,230 +/- 766 molecules of P10 per platelet 
in the presence of nonimmune F(ab')2 fragments . (ABSTRACT TRUNCATED AT 400 
WORDS) 



6/3,AB/l8 (Item 18 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

07776783 91304381 PMID: 1712899 

Diverse gene sequences are overexpressed in werner syndrome fibroblasts 

undergoing premature replicative senescence. 

Murano S; Thweatt R; Shmookler Reis RJ; Jones RA; Moerman EJ; Goldstein S 
Departments of Medicine, University of Arkansas for Medical Sciences, 

Little Rock. 

Molecular and cellular biology (UNITED STATES) Aug 1991, 11 (8) 

p3905-14, ISSN 0270-7306 Journal Code: NGY 

Contract/Grant No.: AG-08708, AG, NIA 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

Genes that play a role in the senescent arrest of cellular replication 
are likely to be overexpressed in human diploid fibroblasts (HDF) 
derived from subjects with Werner syndrome (WS) because these cells have a 
severely curtailed replicative life span. To identify some of these genes, 
a cDNA library was constructed from WS HDF after they had been serum 
depleted and repleted (5 days in medium containing 1% serum followed by 24 
h in medium containing 20% serum) . Differential screening of 7,500 colonies 
revealed 102 clones that hybridized preferentially with [32P]cDNA derived 
from RNA of WS cells compared with [32P] cDNA derived from normal HDF. 
Cross-hybridization and partial DNA sequence determination identified 18 
independent gene sequences, 9 of them known and 9 unknown. The known genes 
included alpha 1(1) procollagen, alpha 2(1) procollagen, fibronectin, 
ferritin heavy chain, insulinlike growth factor-binding protein-3 
(IGFBP-3) , osteonectin, human tissue plasminogen activator 
inhibitor type I, thrombospondin, and alpha B - crystal 1 in . The nine 
unknown clones included two novel gene sequences and seven additional 
sequences that contained both novel segments and the Alu class of 
repetitive short interspersed nuclear elements,- five of these seven Alu + 
clones also contained the long interpersed nuclear element I !Kpni) family 



of repetitive elements. Northern (RNA) analysis, using the 18 sequences as 
probes, showed higher levels of these mRNAs in WS HDF than in normal HDF . 
Five selected mRNAs studied in greater detail [alpha It I) procollagen, 
fibronectin, insulinlike growth factor -binding protein-3, WS3-10, and 
WS9-14] showed higher mRNA levels in both WS and late-passage normal HDF 
than in early -passage normal HDF at various intervals following serum 
depletion/repletion and after subculture and growth from sparse to 
high-density confluent arrest. These results indicate that senescence of 
both WS and normal HDF is accompanied by overexpres s ion of similar sets of 
diverse genes which may play a role in the senescent arrest of cellular 
replication and in the genesis of WS , normal biological aging, and 
attendant diseases. 
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Some biosynthetic activities of normal and otosclerotic temporal bone 
cultures have been studied. Bone cells were cultured for 24 hrs . in medium 
containing 3H-glucosamine , 35S04 or 3H-proline. Labelled glycosaminoglycans 
(GAG) and proteins were precipitated from cells and media. In otosclerotic 
bone cells there was an evident reduction in the synthesis and secretion of 
radiolabelled macromolecules . The inhibitory effect was always 
greater in the extracellular than in the intracellular compartment. Some 
glycosidases were also studied. Otosclerosis decreased the activity of all 
enzymes examined, indicating that the lower GAG synthesis and secretion in 
otosclerotic bone cells were not due to an increased degradation. 
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Albumin, through its binding to the endothelial glycocalyx, functions as 
a major determinant of capillary permeability and as a carrier for various 
small molecules in its transcytosis across continuous endothelium via 
plasma-lemmal vesicles. Several albumin-binding proteins (ABP) have been 
identified: three membrane - associated ABP, which we call gp60, gp30, and 
gpl8, and one secreted protein, acidic and rich in cysteine (SPARC) . In 
this study, we used antiserum raised against bovine SPARC (BON) to 
investigate the possible interrelationships among ABP to better understand 
their role in binding and transcytosis. BON not only interacted with SPARC 



secreted by cultured endothelium but also recognized gp60 in lysates of 
cultured rat, human, and bovine endothelial cells. Purified SPARC 
inhibited BON interaction with gp60. BON immunoglobulin (Ig)G 
specifically inhibited albumin binding to both SPARC and gp60 
extracts. This effect was eliminated by preabsorpt ion of BON to immobilized 
SPARC. BON also significantly inhibited albumin binding to cultured 
microvascular endothelial cells via its interaction with gp60. Anti-SPARC 
peptide sera were also tested, and one serum raised against a peptide 
encompassing an NH2 -terminal region of SPARC recognized both SPARC and gp60 
but did not inhibit albumin binding; gp30 and gpl8 were not 
recognized by any of these anti-SPARC antibodies. These results suggest 
that SPARC and gp60 are functionally and immunologically related ABP that 
may share a common albumin-binding domain. gp60 appears to be the major 
mediator of albumin binding to microvascular endothelium. 
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To better understand the biochemistry of matrix- forming cells, we 
developed a simple and reproducible procedure for the isolation and 
identification by N-terminal sequencing of proteins secreted by cells into 
culture medium and applied this procedure to the analysis of the major 
Coomassie blue- staining proteins under 100 kD that are secreted from three 
different human osteoblastic cell cultures. The major proteins 
secreted by normal human osteoblasts from adult trabecular bone were 
identified by N-terminal sequencing to be gelatinase, osteonectin, 
the C-terminal propeptides of the alpha 1 and alpha 2 chains of type I 
collagen, tissue inhibitor of metalloproteinase 1 (TIMP-1), and beta 
2 -microglobulin. The amounts of each of these proteins secreted into medium 
over a 24 h interval did not change over the 7 consecutive days of culture 
under serum-free conditions, which indicates that this pattern of protein 
secretion is not significantly affected by the serum-free conditions needed 
for protein identification by this method. In addition, radioimmunoassay 
for bone gla protein (BGP) , a marker for osteoblast phenotype , revealed 
that BGP secretion remained high over 7 days of culture under serum-free 
conditions and was comparable to the rate of BGP secretion in control 
cultures with 10% serum. The major proteins secreted by MG-63 cells were 
identified by N-terminal sequencing to be gelatinase, a novel 40 kD 
human bone protein we termed YKL-40, TIMP-1, the recently discovered 
TIMP-2, and beta 2 -microglobul in . Further studies revealed that YKL-40 is 
the only protein detectable by Coomassie staining of SDS gels of MG-63 
media proteins that is induced by extended time at confluence or by 
treatment with 1 , 25 - (OH) 2D3 . The apparent absence of detectable 
Coomassie-stained bands corresponding to the C-terminal propeptides of 
collagen in the medium of MG-63 cells suggests that these transformed cells 
may not be a good model for bone matrix formation. The major proteins 
secreted by normal fetal osteoblastic cells were identified by N-terminal 
sequencing to be osteonectin and the C-terminal propeptides of the 
alpha 1 and alpha 2 chains of type I collagen. Gelatinase and TIMP could 
not be detected among the conditioned medium proteins by these methods. 
These observations indicate that fetal osteoblasts primarily express 
proteins that are matrix constituents and adult human osteoblasts 



secrete, in addition to these, proteins that could function in matrix 
turnover . 
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Interactions among growth factors, cells, and extracellular matrix are 
critical to the regulation of directed cell migration and proliferation 
associated with development, wound healing, and pathologic processes. Here 
we report the association of PDGF-AB and -BB, but not PDGF-AA, with the 
extracellular glycoprotein SPARC. Complexes of SPARC and 1251-labeled 
PDGF -BB or -AB were specifically immunoprecipi tated by anti-SPARC 
immunoglobulins. 125I-PDGF-BB and -AB also bound specifically to SPARC that 
was immobilized on microtiter wells or bound to nitrocellulose after 
transfer from SDS/polyacrylamide gels. The binding of PDGF-BB to SPARC was 
pH-dependent ; significant binding was detectable only above pH 6.6. The 
interaction of SPARC with specific dimeric forms of PDGF affected the 
activity of this mitogen. SPARC inhibited the binding of PDGF-BB and 
PDGF-AB, but not PDGF-AA, to human dermal fibroblasts in a 
dose -dependent manner. The expression of SPARC and PDGF was minimal in most 
normal adult tissues but was increased after injury. Enhanced expression of 
both PDGF -B chain and SPARC was seen in advanced lesions of 
atherosclerosis. We suggest that the coordinate expression of SPARC and 
PDGF-B-containing dimers following vascular injury may regulate the 
activity of specific dimeric forms of PDGF in vivo. 
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Two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) has been 
used to map the extracellular secretory activity of normal osteoblasts. The 
proteins osteonectin , bone sialoprotein , and both the C - telopept ide 
of collagen I together with collagen I have now been positionally 
identified. In addition the secretory differences which exist between 
normal and Pagetic osteoblasts have been mapped with the Pagetic 
osteoblasts shown to consistently secrete an altered 30 kDa C- telopeptide 
of collagen type I. The use of the diphosphonate Pamidronate in the 



treatment cf Paget ' s disease of bone has beneficial effects with 
suppression of the bone isoenzyme marker alkaline phosphatase. It has been 
reported that diphosphonates directly inhibit human osteoblast 
secretory function as well as osteoclast metabolism. The effects of 
Pamidronate on the secretory activity of normal and Pagetic osteoblast 
cultures was also investigated. The extracellular protein secretion of 
normal and Pagetic osteoblasts was not affected by Pamidronate treatment as 
assessed by 2-D PAGE. This technique allows a comprehensive multiparameter 
assessment of extracellular secretory activity in normal and diseased 
states. The findings show that the Pagetic osteoblasts cultured in vitro 
are functionally abnormal and they support the hypothesis that the 
underlying problem in Paget • s disease is characterised by disorder of 
osteoblast and osteoclast interactions. 
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Collagen XIV was isolated from neutral salt extracts of human 
placenta and purified by several chromatographic steps including affinity 
binding to heparin. The same procedures also led to the purification of a 
tissue form of fibronectin. Collagen XIV was demonstrated by partial 
sequence analysis of its Coll and Col2 domains and by electron microscopy 
to be a disulphide-linked molecule with a characteristic cross-shape. The 
individual chains had a size of approximately 210 kD, which was reduced to 
approximately 180 kD (domain NC3) after treatment with bacterial 
collagenase. Specific antibodies mainly to NC3 epitopes were obtained by 
affinity chromatography and used in tissue and cell analyses by 
immunoblotting and radioimmunoassays. Two sequences from NC3 were 
identified on fragments obtained after trypsin cleavage. They were 
identical to cDNA-derived sequences of undulin, a noncol lagenous 
extracellular matrix protein. This suggests that collagen XIV and undulin 
may be different splice variants from the same gene. Heparin binding was 
confirmed in ligand assays with a large basement membrane heparan sulphate 
proteoglycan. This binding could be inhibited by heparin and heparan 
sulphate but not by chondroitin sulphate. In addition, collagen XIV bound 
to the triple helical domain of collagen VI. The interactions with heparin 
sulphate proteoglycan and collagen VI were not shared by the NC3 domain, or 
by reduced and alkylated collagen XIV. No or only low binding was observed 
for collagens I-V, pN-collagens I and III, and several noncol lagenous 
matrix proteins, including laminin, recombinant nidogen, BM-40/ 
osteonectin , plasma and tissue fibronectin, vitronectin, and von 
Willebrand factor. Insignificant activity was also shown in cell attachment 
assays with nine established cell lines. 
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Transforming growth factor beta (TGF-beta) and secreted protein acidic 
rich cysteine (SPARC) have been associated with the rapid remodeling of 
connective tissues that occurs in wound healing and developmental 
processes. To study the temporal and mechanistic aspects of 
TGF-beta- regulated extracellular-protein gene expression in human 
fibroblasts, confluent cells were pulse labeled for 30 min with 
[35S] methionine at various times following the single addition of 1.0 ng/ml 
TGF-beta. After a 4-h chase period, specific radiolabeled media proteins 
were isolated by either immunoprecipi tat ion or affinity chromatography and 
quantitated. Stimulation of SPARC synthesis was first apparent 5 h after 
addition of TGF-beta, reached a maximum {3.5-fold increase) at 24 h and 
persisted for at least 96 h. A similar temporal response to TGF-beta was 
observed for the extracellular matrix proteins collagen and fibronectin. In 
contrast, TGF-beta induced a strong (greater than sixfold increase at 9 h 
after addition of TGF-beta) , but transient stimulation of the synthesis of 
endothelial-type plasminogen activator inhibitor . Northern blot 
analysis showed that SPARC mRNA levels were increased by TGF-beta in 
parallel with increase in SPARC synthesis; a maximum 3.9-fold increase in 
SPARC mRNA being reached at 24 h. Similarly, the levels of both collagen 
and fibronectin mRNA were increased by TGF-beta treatment. In each case the 
stimulation of mRNA was blocked by the presence of the translation 
inhibitor , cycloheximide . Stability of SPARC mRNA (half -life of 
approximately 50 h) was not significantly altered by TGF-beta. In contrast, 
the stability of collagen and fibronectin mRNA were both increased in the 
presence of TGF-beta; the increased stability being pronounced in less 
dense cells. In addition to effects on stability, transcription of the 
collagen and fibronectin genes was increased 7 h after TGF-beta addition, 
but returned to control levels by 24 h. However, transcription of the SPARC 
gene was unaffected by TGF-beta at both time points and, together with the 
stability data, indicates that TGF-beta regulates SPARC expression via a 
nuclear post - transcript ional mechanism. Differential regulation of gene 
expression by TGF-beta in a precise temporal pattern via transcriptional 
and post- transcriptional pathways may be an important aspect of the 
response of fibroblast cells in a wound environment. 
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Termine et al . first demonstrated that sequential dissociative extraction 
and fractionation procedures with protease inhibitors could provide a 
convenient approach for the study of mineral compartment constituents. The 
primary extraction regimen used 4 M guanidine HC1 to remove most of the 
protein from the nonmineral i zed phase of bone. Subsequently, EDTA-guanidine 
was used to remove the mi nera 1 -phase components. These methods discriminate 



on the basis of physical -chemical association with a mineral phase rather 
than on the specific gene products of a particular cell. In the present 
discussion emphasis is directed at a group of divalent cation binding 
proteins isolated from the mineral compartment of bone. The localization, 
synthesis, and chemical characteristics of osteonectin , bone 
s ialoproteins I and II, and bone acidic glycoprotein- 75 are discussed and 
offered as possible sites for perturbation by the environment with lead 
exposure . 

6/3,AB/27 (Item 27 from file: 155) 

DIALOG (R) File 15 5 : MEDLINE { R) 

05931851 88296491 PMID: 3402455 

Complex formation of human thrombospondin with osteonectin. 
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Human thrombospondin, a 450-kDa glycoprotein isolated from 
platelets and endothelial cells, specifically interacts with 
osteonectin, a protein of 30 kDa isolated from bovine bones and 
human platelets. Using ELISA, purified osteonectin binds to 
solid-phase-adsorbed thrombospondin with a dissociation constant (Kd) of 
0.7 nM . Binding of thrombospondin to sol id-phase -adsorbed osteonectin 
was also observed (Kd = 0.86 nM) . The interaction of thrombospondin with 
solid-phase-adsorbed osteonectin was significantly decreased (81% 
inhibition) when using an excess of fluid-phase osteonectin. 
Thrombospondin-osteonectin complex formation was calcium-dependent as 
shown by a 50-80% inhibition in the presence of EDTA. None of the 
proteins known to interact with thrombospondin (fibrinogen, fibronectin, 
collagen, plasminogen) had a significant inhibitory effect on 
thrombospondin-osteonectin complex formation. This selective 
interaction was confirmed by affinity chromatography. Iodinated 
osteonectin , previously incubated with purified thrombospondin, 
specifically bound to an ant i - thrombospondin monoclonal antibody (P10) 
linked to protein-A- - Sepharose 4B. Elution of the anti -thrombospondin 
antibody from protein A allowed the recovery of the thrombospondin- 
osteonectin complex in the eluate, as judged by SDS/polyacrylamide 
gel electrophoresis and autoradiography. Blotting of purified 
thrombospondin to osteonectin adsorbed onto nitrocellulose further 
confirmed complex formation. In addition, when released from 
thrombin- stimulated platelets, thrombospondin and osteonectin bound 
to anti -thrombospondin IgG-coated plates indicating that osteonectin 
was complexed to thrombospondin once the platelet - release reaction has 
occurred . 
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Mineralization of bone matrix may be influenced by the presence of 
specific, noncol lagenous bone proteins. The quantitative influence of two 
bone-specific proteins - -bone gamma -carboxyglutamic acid (Gla) protein and 
osteonectin --and other proteins that decreased the rate of crystal 
growth was measured by adding seed crystals of hydroxyapat i te to a solution 
of CaCl2 and KH2P04, pH 7.4 at 37 degrees C. The molar concentrations of 
proteins needed to inhibit the rate of crystal growth by 50% were as 
follows: osteonectin , 0.15 microM; bone Gla protein, 0.8 microM; 
prothrombin, 0.9 microM; prothrombin fragment 1, 1.0 microM; soybean 
trypsin inhibitor , 3 microM; prethrombin 1, 9 microM; cytochrome c, 
30 microM. Calmodulin and parvalbumin were found to be less active than 
prothrombin fragment 1 and had no activity in the micromolar range. The 
combination of two inhibitors resulted in a mixture with an 
inhibitory activity that was the sum of the two inhibitors. 
Decarboxylation of bone Gla protein significantly reduced its 
inhibitory activity. These results indicate that the inhibitory 
activity of a protein does not correlate with Ca2+-binding affinity under 
these conditions, that the mixture of inhibitors has an additive 
effect, and that gamma-carboxyglutamic acid residues enhance the ability of 
a protein to inhibit hydroxyapat ite - seeded crystal growth. 
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It appears that at present, serum BGP is the one bone protein that has 
the most promise for assisting in the diagnosis and management of high 
turnover metabolic bone disease states. If further studies confirm its 
usefulness in osteoporosis as a predictor of rapid bone loss without the 
need for bone biopsy, this serum marker will then not only allow early 
detection but also an appropriate choice of therapy in osteoporosis, i.e. 
the use of specific inhibitors of high turnover states such as 
estrogen, calcitonin, or bisphosphonates . In addition, it may also permit 
more accurate follow-up of patients suffering from diseases such as primary 
hyperparathyroidism after surgery. In low turnover osteoporosis, it may 
also serve a useful function to observe whether the osteoblast can be 
stimulated to enhance bone formation with therapies such as fluoride, 
anabolic steroids, PTH, etc. As yet, additional measurements, such as bone 
histomorphometry and other bone mineral markers, are required for 
definitive diagnosis. Hopefully, the availability of specific 
well -characterized antibodies against BGP may define its role more 
accurately. Recently, several other new bone proteins have been identified 
but at present they have very limited clinical application. Future studies 
into the structure - function relationship of these bone proteins may 
identify those markers which will be most relevant to the diagnosis and 
treatment of metabolic bone disease. 
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The non-collagen proteins of bone are a complex set of molecules that 
arise from local or exogenous sources. Because bone mineral is an excellent 
adsorbent, many circulatory and/or cell surface proteins bind to bone, 
where they may have immediate or subsequent effects. These include the 
alpha 2 -HS -glycoprotein from blood and the potent growth factors TGF-beta, 
PDGF , IGF-1, FGF-a and -b, and IL-1, derived from both bone and non-bone 
cells. Furthermore, bone cell membrane proteins such as alkaline 
phosphatase may be cleaved from the cell surface and entrapped in the bone 
matrix. Bone is enriched in a variety of enzymes and their inhibitors 
by similar adsorption processes. Even osteocalcin, a bone cell product, is 
adsorbed to bone via mineral -binding (Gla) groups. The bone sialoproteins 
(BSP-I or osteopontin and BSP-II) also bind to the mineral via acidic 
groups. Because of this phenomenon it is difficult to distinguish whether a 
given protein's presence in bone is advantageous or merely fortuitous. The 
bone matrix proper consists of type I collagen and other osteoblast 
products such as osteonectin (a phosphorylated glycoprotein) and 
small proteoglycans (PG-I and/or PG-II) which are incorporated into bone 
collagen fibrils. These proteins may have additional roles in tissue 
morphogenesis and/or differentiation. 
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The effect of bone matrix protein of osteonectin on de novo 
formation of apatite was studied in a wide range of calcium phosphate 
solutions in the presence of collagen. In every solution, from which 
amorphous calcium phosphate, octacalcium phosphate, or apatite precipitated 
as a possible initial phase, osteonectin at concentrations less than 
1 microM retarded the precipitation, subsequent transformation to apatite, 
and ripening crystal growth of apatite. Collagen present as either 
reconstituted or denatured form had no effect on the osteonectin 
-associated reactions as well as osteonectin- free reactions, and no 
structural correlation was observed between collagen fibrils and any of the 
calcium phosphates that appeared in our system. Direct measurement of free 
calcium levels in the solutions suggested that the reduction in calcium 
activity due to complexing with osteonectin hardly explained the 
inhibitory activity of osteonectin in retarding the formation 
of apatite. Instead, our transmission electron microscopic (TEM) 
observation strongly suggested that the primary mechanism for 
osteonectin to inhibit the formation of apatite is to block 
growth sites of calcium phosphates nucleated. The apatite thus formed in 



the presence of osteonectin showed less resolved X-ray diffraction 
patterns, partly because of smaller crystallites as suggested by TEM . 
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The mechanism of mineral formation in bone is seen best where active new 
bone formation is occurring, e.g., in newly forming subperiosteal bone of 
the embryo, in the growing bone of young animals, and in healing rickets 
where the calcification process in osteoid is reactivated. A large body of 
ultrastructural evidence, using conventional and anhydrous methods for 
tissue preparation, has shown convincingly that extracellular matrix 
vesicles are present at or near the mineralization front in all of the 
above, and that these vesicles are the initial site of apatite mineral 
deposition. Thus bone resembles growth plate cartilage, predentin, and 
turkey tendon in having calcification initiated by matrix vesicles. Once 
the calcification cascade is begun, matrix vesicles are no longer needed to 
support mineralization and are consumed by the advancing mineralization 
front in which performed crystals serve as nuclei for the formation of new 
crystals. The rate of crystal proliferation is promoted by the availability 
of Ca2 + , P04(3-), and the presence of collagen, and retarded by naturally 
occurring inhibitors of mineralization such as proteoglycans and 
several noncollagenous calcium-binding proteins of bone including bone-Gla 
protein (osteocalcin), phosphoproteins , osteonectin , and 
alpha - 2HS -glycoproteins . New electron microscopic immunocytochemical 
findings in our laboratory suggest that the origin of alkaline 
phosphatase-positive bone matrix vesicles is polarized to the 
mineral-facing side of osteoblasts and may be concentrated near the 
intercellular junctions of human embryonic osteoblasts. 
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Overlapping human bone osteonectin cDNAs were obtained by 
screening two independent human SaOS-2 lambda gtll libraries using 
antibovine osteonectin monoclonal antibodies. One clone contains a 
0.54-kb insert and the other a 1.9-kb insert. Insertion fragments from 
lambda clones were liberated by restriction digestion and subcloned into 
pUC19 for sequencing. Digestion of the 1.9-kb insert with EcoRI released 



membrane, following close contacts between epithelial and fibroblastic 
cells, is necessary for the expression of differentiation markers such as 
digestive enzymes. 
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The Ca (2 + ) -binding protein SPARC is one of a group of proteins that 
function in vitro to promote the rounding of cells. To assess whether the 
modulation of cell shape by SPARC is affected by extracellular Ca2 + , we 
used F9 cell lines that had been stably transfected with sense or 
antisense SPARC DNA. Sense- transfected (S) lines that overexpress 
SPARC are aggregated and rounded, whereas antisense (AS) lines that 
express low levels of the protein are flat and spread. We tested whether 
the cell lines would exhibit these altered morphologies in Ca { 2 + ) -def icient 
media. When cultured under these conditions, S lines attached and spread, 
whereas AS lines attached but remained round, with no subsequent spreading. 
Addition of CaCl2 or purified SPARC to the Ca (2 + ) -def icient medium resulted 
in spreading of the AS and control lines and a reappearance of the altered 
morphologies. Expression of the Ca ( 2 + ) -binding cadherin uvomorulin by the 
cell lines correlated with neither their morphology nor their level of 
SPARC expression. We conclude that the altered phenotypes of the transected 
lines reflect, in part, the concentration of extracellular Ca2+ and that 
the spreading exhibited by the S lines under Ca ( 2+ ) -def icient conditions is 
directly related to their enhanced expression of SPARC. SPARC might, 
therefore, mediate interactions between cells and matrix that are 
permissive for adhesion when levels of extracellular Ca2+ are diminished. 
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ABSTRACT: A synopsis of the many aspects and factors that contribute to 
renal tubulo- interst i t ial fibrosis is presented. The role of fibrogenic 
cytokines and the conversion of fibroblasts to myofibroblasts are 
described. It is emphasized that oxygen radicals cause fibroblasts to 
generate collagen. The properties of those accessory modulatory proteins 
that affect the behavior of cells in the interstitium are considered and 



how matrix for ensuing fibrosis is laid down. Understanding the 
extracellular matrix proteins and these modulatory proteins is important 
because their behavior can now be modified by means of antisense 
oligonucleotides . 
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ABSTRACT: The Ca - 2 + -binding protein SPARC is one of a group of 

proteins that function in vitro to promote the rounding of cells. To 
assess whether the modulation of cell shape of SPARC is affected by 
extracellular Ca-2+, we used F9 cell lines that had been stably 
transfected with sense or antisense SPARC DNA . 

Sense-transf ected (S) lines that overexpress SPARC are aggregated 
and rounded, whereas antisense (AS) lines that express low levels 
of the protein ae flat and spread. We tested whether the cell lines would 
exhibit these altered morphologies in Ca-2+~def icient media. When 
cultured under these conditions, S lines attached and spread, whereas AS 
lines attached but remained round, with no subsequent spreading. Addition 
of CaCl-2 or purified SPARC to the Ca-2+-def icient medium resulted 
in spreading of the AS and control lines and a reappearance of the 
altered morphologies. Expression of the Ca- 2+ -binding cadherin uvomorulin 
by the cell lines correlated with neither their morphology nor their 
level of SPARC expression. We conclude that the altered phenotypes 
of the transected lines reflect, in part, the concentration of 
extracellular Ca-2+ and that the spreading exhibited by the S lines under 
Ca-2+-def icient conditions is directly related to their enhanced 
expression of SPARC. SPARC might, therefore, mediate 

interactions between cells and matrix that are permissive for adhesion 
when levels of extracellular Ca-2+ are diminished. 
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ABSTRACT : The mechanisms by which the early genes of simian virus 40 (SV40) 
transform human cells are unclear; however, this is clearly a 
multistep process involving a number of cellular and genetic changes. An 
early change following expression of the SV40 genes is growth under 
reduced serum conditions, which could be consistent with the production 
of autocrine/paracrine growth factors. HSF4-T12 is a human 
fibroblast cell line produced by transfection of primary cells with the 
genes for large T and small t antigens. A progressive stepwise 
transformation was observed with in vitro culture, eventually resulting 
in a tumorigenic cell line. Serum-free defined medium conditioned by 
HSF4-T12 was able to stimulate growth of normal human fibroblasts 
as determined by growth curve and ( 3H) thymidine incorporation assays. 
Purification of this activity by heparin affinity chromatography and 
nondenaturing polyacrylamide gel electrophoresis resulted in a single 
band of approximately 21 kDa on a nonreducing, denaturing gel. A partial 
14 -amino acid sequence was found to share 100% homology with a region of 
tissue inhibitor of metal loproteinases - 2 (TIMP-2). Western blot 
analysis with anti-TIMP-2 antiserum confirmed this identification, and 
addition of this same antiserum to HSF4 -T12 -conditioned medium resulted 
in inhibition of stimulatory activity. 
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0.4- and 1.5-kb fragments. Sequencing analysis revealed that the 0.54- and 
0.4-kb fragments are identical except for 150 nucleotides missing at the 5' 
region of the 0.4-kb fragment. The composite nucleotide sequence of 
human osteonectin has a total length of 2091 nucleotides and is 
comprised of 50 nucleotides of 5'-noncoding sequence, a coding segment for 
303 amino acids, a termination codon, and 1114 nucleotides of 3 ' -noncoding 
sequence. The primary transcript codes for 286 amino acids of mature 
protein and a 17-residue amino - terminal hydrophobic signal peptide. 
Outstanding properties inferred from the primary structure are putative 
Ca2+ binding domains located in the glutamic acid rich NH2 terminus 
(residues 1-52) and two "EF" -hand domains in the C-terminal half of the 
protein (residues 165-176 and 257-286). The mature protein also contains a 
cysteine-rich, highly hydrophilic region homologous to the ovomucoid serine 
protease inhibitors (residues 76-132). Overlapping human 

genomic clones in lambda EMBL3 for osteonectin have been isolated 
and characterized. Intron/exon junction sequencing of the human 
osteonectin gene shows the presence of 10 exons and 9 mtrons. The 
mature protein is encoded by nine exons separated by eight 
introns . (ABSTRACT TRUNCATED AT 250 WORDS) 
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Karl E 0 

AUTHOR ADDRESS: (a)Dep. Biochem. Pharmacy, Abo Akad . Univ., PO Box 66, 

20520 Turku**Finland 
JOURNAL: Cell Growth & Differentiation 6 (4) :p457-464 1995 
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DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Treatment of the U-2 OS human osteosarcoma cell line with 

the phorbol ester 12 -0- tetradecanoylphorbol - 13 -acetate (TPA) dramatically 
decreased the rate of DNA synthesis. This decrease in proliferation as 
well as the change in morphology of the TPA-treated cells can be blocked 
by the protein kinase C inhibitor GF 109203X. The U-2 OS cells are 
known to express the c-sis oncogene (platelet -derived growth factor 
(PDGF) B-chain) , PDGF-A, and receptors for PDGF , thus providing a 
potential autocrine loop of growth stimulation. TPA was found to induce 
the expression of both the PDGF -A and the PDGF-B chains. However, the 
levels of the PDGF receptor beta subunits and of the PDGF-BB inducible 
tyrosine phosphorylation of the PDGF receptor were markedly reduced. The 
TPA treatment of the U-2 OS cells also induced changes typical for 
maturing bone cells, such as increased expression levels of alkaline 
phosphatase and osteopontin. The expression levels of type I collagen and 
bone sialoprotein were reduced. The results show a TPA-dependent 
down-regulation of the PDGF receptor beta subunits that correlates with 
an increased expression of osteoblast phenotypic markers. 

1995 
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CV'erexpress: on of SPARC in stably transferred F9 cells mediates 

attachment and spreading in za 1 c i urn -■ def i c i ent: medium. 
AUTHOR: Eveivitt. Elizabeth A; Sage E Heleneta: 

AUTHOR ADDRESS: ( a ) Dep . Biological Structure, Sen. Med., University 

Washington, Seattle, WA 98195 
JOURKAL: Biochemistry and Cell Biology 70 ( 1 2 ) : pi 3 6 8 - 13 79 1992 
ISSN: 0&2S*-62n 
DOCUMENT TYPE: Art i tie 
RECORD TYPE: Acstratt 
LANGUAGE : Engl ish 

SL'MMAF V LANGUAGE: English; French 

AE STF ACT : Tne Ca - 2 + -bind ing protein SPARC is one of a group of 

proteins that function in vi t r:. t ::> promote the rounding of cells. To 
access whether the mcdulat.icn cf tell, shape of SPARC is affected bv 
extracellular Ca-2-, we usei F9 cell lines that had been stably 
transfectea with sense or antisense SPARC UNA. 

Sense-transfected >S) lines that cverexpress SPARC are aggregated 
and rounded, whereas antisense -AS) lines that express low levels 
of the protein ae flat ana spread. We tested whether the cell lines would 
exhibit these altered morphologies in Ca - 2 + - def ic i ent media. When 
cultured under these conditions, S lines attached and spread, whereas AS 
lines attached out, remained round, with no subsequent spreading. Addition 
:>f CaCl-2 or purified SPARC to tne Ca-2 + -def icient medium resulted 
]n spreading of the AS and control lines and a reappearance of the 
altered morpholog: e s . Expression of the Ca - 2 + - oi ndmg cadherin uvomorulm 
by the cell lines correlated with neither their morphology nor their 
level of SPARC expression. We conclude that the altered phenotypes 
cf the transected lines reflect, in part, the concentration of 
extracellular Ca-2 + and that the spreading exhibited by the S lines under 
:a-2+- def icien: conditions is directly related to their enhanced 
exoressicn of SPARC. SPARC might, therefore, mediate 

interaction between cells and matrix that are permissive fcr adhesion 
when levels cf extracellular Ca-2 + are diminished. 
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Osteonectin/SPARC is a product of articular chondrocytes/carti lage 
and is regulated by cytokines and growth factors. 
Chandrasekhar S; Harvey AK; Johnson MG; Becker GW 

Lilly Research Laboratories, Lilly Corporate Center, Indianapolis IN 
46285 . 

Biochimica et biophysica acta (NETHERLANDS) Mar 10 1994, 1221 
(1) p7-14, ISSN 0006-3002 Journal Code: A0W 
Languages : ENGLISH 
Document type: Journal Article 
Record type: Completed 

Rabbit articular chondrocytes maintained in monolayer, synthesized and 
secreted a 46 kDa protein into the culture medium. N-terminal sequence 
analysis and immunoprecipi tation of the radiolabeled material revealed this 
protein to be osteonectin (ON) /SPARC, a protein previously shown to 
be present in bone. When chondrocytes were exposed to interleukin- 1 , a 
cytokine with matrix degradative properties, ON synthesis and secretion was 
greatly inhibited. However, this was specific to IL-1 since two other 
pro-inflammatory cytokines (tumor-necrosis factor-alpha and interleukin- 6 ) 
with properties similar to IL-1, failed to cause any discernible effect on 
ON synthesis. Several growth factors (TGF-beta, PDGF, and IGF-1) , that have 
been shown to stimulate other cartilage matrix macromolecular synthesis, 
also stimulated ON synthesis and were also able to reverse the 
inhibitory effect of IL-1 on ON synthesis. These observat ions were 
also demonstrated in explant cultures of cartilage. Our studies suggest 
that ON is a biosynthetic product of articular cartilage and could play a 
role in cartilage structure and/or function. 
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Kuhn C; Mason RJ 

Department of Pathology, Brown University, Pawtucket, Rhode Island, USA. 
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Several biochemically unrelated multifunctional extracellular proteins, 
SPARC, thrombospondin 1, and tenascin-C i TN ) , have been grouped as 
antiadhesive glycoproteins because they inhibit the spreading of 
cells on extracellular matrix in vitro. Migration of fibroblasts and 
epithelial cells into the air spaces to organize inflammatory exudate is a 
feature common to several fibrosing lung diseases. We hypothesized that 
migration would be facilitated by loosening the adhesive interactions 
between cells and the pericellular matrix components of the alveolar wall 
and that one or more of the ant i - adhes ive glycoproteins could be involved. 
Immunohistochemistry was used to localize SPARC , TN, and thrombospondin 1 
in biopsies of organizing pneumonia, idiopathic pulmonary fibrosis {nine 
cases of usual interstitial pneumonia, one of desquamative interstitial 
pneumonia), and control lungs. Each antigen had a distinctive distribution. 
Only TN was expressed in control lungs, where it strongly stained the 
basement membrane of large bronchi and weakly stained alveolar entrance 
rings and small veins. In organizing pneumonia, TN was heavily stained 
through the entire extracellular matrix of the Masson bodies. In idiopathic 
pulmonary fibrosis, TN was abundant in the fibroblast foci of active 
fibrosis but was also present in the basement membrane regions beneath the 
metaplastic epithelium lining honeycomb cysts. TN was abundant in the 
interstitium in desquamative interstitial pneumonia. SPARC was observed 
only intracellularly where it occurred in the fibroblasts of Masson bodies 
of organizing pneumonia and the fibroblast foci of usual interstitial 
pneumonia. In desquamative interstitial pneumonia, expression of SPARC was 
minimal, in rare interstitial fibroblasts. Thrombospondin 1 was found 
consistently in organizing pneumonia but only infrequently in idiopathic 
pulmonary fibrosis. In both, it was localized in the extracellular matrix 
immediately beneath reparative epithelium. These results are consistent 
with a role for SPARC in fibroblast migration. TN may function in both 
fibroblast migration and the adhesion of metaplastic bronchial -type 
epithelium. However, these proteins also have other activities that may be 
important in pulmonary fibrosis. The localization of thrombospondin 1 
suggests that it may be synthesized by regenerating epithelium where it may 
aid in the adhesion or migration of the epithelial cells. 
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Role of N-linked glycosylat ion in human osteonectin. Effect 
of carbohydrate removal by N-glycanase and site-directed mutagenesis on 
structure and binding of type V collagen. 
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Journal of biological chemistry (UNITED STATES) Sep 29 1995, 270 
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In this study we demonstrate that the binding region of recombinant 
truncated human bone osteonectin (tHON) for type V collagen 
resides between amino acids 1 and 146. After removal of oligosaccharide 
chain structures from tHON, bovine bone osteonectin (BBON } and 
human platelet osteonectin (HPON) by N-glycanase, their ability 
to bind to type V collagen is increased, and HPON affinity to collagen V is 
the same as that of BBON. These data suggest that g] ycosy 1 a t i on of 
osteonectin has a direct or regulatory effect on osteonectin 



binding to collagen V and that the increase in tHON binding upon removal of 
carbohydrate is the result of a loss of a down-regulation site or direct 
interference of the carbohydrate at the binding site. To determine the 
specific role of each N-glycosylat ion site in tHON, Asn71 and Asn99 were 
mutated to Gin (N71Q, N99Q) and Thr73 and ThrlOl mutated to Ala (T^3A, 
T101A) to selectively inhibit oligosaccharide attachment. The binding 
affinity of N99Q and T101Q to collagen V is markedly increased over 
wild-type tHON, whereas N71Q and T73A are the same as wild-type tHON. The 
doubled mutant (N71,99Q) binds identically to collagen V as N99Q and T101A. 
These data suggest that only the position 99 glycosylat ion site 
(Asn99-X-Thrl01) in tHON is important in the reduction of binding of 
osteonectin to collagen V. Consistent with the binding data is the 
observation that both the N71Q and T73A mutant proteins migrate on 
SDS-polyacrylamide gel electrophoresis gels identically to wild-type tHON, 
suggesting that there is little or no N-glycosylat ion of residue 71 in 
wild-type osteonectin. 
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Effects of basic fibroblast growth factor on proliferation, the 
expression of osteonectin (SPARC) and alkaline phosphatase, and 
calcification in cultures of human pulp cells. 
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Basic fibroblast growth factor (bFGF) may be involved in the development 
and repair of dentine and pulp because bFGF, its related peptides, and FGF 
receptors are expressed in dental mesenchymal cells. In this study, we 
examined the effects of bFGF on DNA synthesis, osteonectin/SPARC 
levels, alkaline phosphatase (ALPase) activity, their mRNA levels, and 
calcium levels in cultures of human pulp cells. Pulp cells were 
isolated from three healthy upper wisdom teeth of three patients and 
maintained separately. These cells produced SPARC, ALPase, and calcified 
nodules and there was a close correlation between the SPARC- synthetic 
activity of the cell lines and their levels of ALPase and calcification. 
The levels of SPARC, ALPase and calcium deposits in the three pulp cell 
cultures were 10-250 times those of human foreskin fibroblasts. 
Western blots showed that the pulp cells produced 38-kDa SPARC. Northern 
blots showed that the pulp cells expressed fig (FGF receptor type 1) 
transcripts throughout all culture stages, irrespective of the presence or 
absence of bFGF. The addition of bFGF to the pulp cultures suppressed the 
increases in ALPase activity, SPARC synthesis, and their mRNA levels, 
although it increased the incorporation of [3H] thymidine into DNA > 
10-fold. The effects of bFGF on ALPase activity and SPARC synthesis were 
reversible. Furthermore, bFGF abolished the calcification of the 
extracellular matrix; the calcium content of bFGF-free cultures. These 
findings suggest that bFGF is a potent mitogen for human pulp cells 
and that it inhibits the expression of the odontoblast phenotype by 
the cells at least partly at pretrans lat ional levels. 
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Rol del gen SPARC en la capacidad tumorigenica de celulas de 
melanoma humano . 
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Previous studies from our laboratory have demonstrated that human 
melanoma cell lines and tumors expressed high levels of the extracellular 
protein SPARC . In order to demonstrate its role in human melanoma 
progression, IIB-MEL-LES human melanoma cells were transfected with 
SPARC full length c-DNA in the antisense orientation. In vivo 
studies demonstrated that all the control mice injected with parental cells 
developed tumors, while none of the mice injected with cells obtained from 
three different clones with diminished levels of SPARC expression, 
developed tumors. These studies suggest that SPARC may play a key 
role in human melanoma progression. 
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Overexpression of SPARC in stably transfected F9 cells mediates 
attachment and spreading in Ca ( 2 + ) -deficient medium. 
Everitt EA; Sage EH 

Department of Biological Structure, School of Medicine, University of 
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The Ca (2+) -binding protein SPARC is one of a group of proteins that 
function in ^itro to promote the rounding of cells. To assess v/hether the 
modulation of cell shape by SPARC is affected by extracellular Ca2 + , 
we used F9 cell lines that had been stably transfected with sense or 
antisense SPARC DNA. Sense -transfected (S) lines that 
overexpress SPARC are aggregated and rounded, whereas antisense 
(AS) lines that express low levels of the protein are flat and spread. We 
tested whether the cell lines would exhibit these altered morphologies in 
Ca (2 + ) -deficient media. When cultured under these conditions, S lines 
attached and spread, whereas AS lines attached but remained round, with no 
subsequent spreading. Addition of CaCl2 or purified SPARC to the 
Ca (2 + ) -deficient medium resulted in spreading of the AS and control lines 
and a reappearance of the altered morphologies. Expression of the 
Ca (2 + ) -binding cadherin uvomorulin by the cell lines correlated with 
neither their morphology nor their level of SPARC expression. We 
conclude that the altered phenotypes of the transected lines reflect, in 
part, the concentration of extracellular Ca2+ and that the spreading 
exhibited by the S lines under Ca (2 + ) -deficient conditions is directly 
related to their enhanced expression of SPARC . SPARC might, 
therefore, mediate interactions between cells and matrix that are 
permissive for adhesion when levels of extracellular Ca2+ are diminished. 
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ABSTRACT: SPARC (secreted protein, acidic and rich in cysteine) is a 

Ca2+-binding glycoprotein that has recently been identified as a member 
of a group of proteins that exert ant ispreading effects on various 
cultured cells. In addition, SPARC is induced during the later 
stages of F9 stem cell differentiation to parietal endoderm (PE) . When 
treated with retinoic acid and dibutyryl cAMP, F9 cells differentiate 
into PE and SPARC mRNA is increased approximately 20 -fold. To 
determine whether the chronic overexpression or inhibition of expression 
of SPARC would affect the morphology, attachment, or 

differentiation of F9 cells, were transfected undifferentiated F9 cells 
with cDNA encoding SPARC or antisense SPARC and cloned 
lines that expressed either elevated or reduced levels of SPARC 
protein. The transfected F9 cells displayed altered morphologies in 
culture: cells of four overexpressing lines appeared clumped and rounded, 
whereas those of three underexpressing lines were spread and flat, in 
comparison to controls. Moreover, the morphological differences persisted 
during differentiation of the lines to PE . The altered morphology was not 
due to an increased expression of collagenases and did not affect the 
ability of the cells to attach and adhere to tissue culture plastic. The 
altered phenotype of the transfected F9 cells appeared to be directly 
related to the level of extracellular SPARC. Since overexpression 
of SPARC induced rounding and aggregation of F9 cells in culture, 
we propose that SPARC facilitates modulation of cell-cell or 
cell -substrate interactions in vivo. 
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Abstract. Metastasis to bone occurs frequently in ad- 
vanced breast cancer and is accompanied by debilitating 
skeletal complications. Current treatments are palliative 
and new therapies that specifically prevent the spread of 
breast cancer to bone are urgently required. While our un- 
derstanding of interactions between breast cancer cells 
and bone cells has greatly improved, we still know little 
about the molecular determinants that regulate specific 
homing of breast cancer cells to the bone. In this review, 



we focus on genes that have been implicated in migration 
and adhesion of breast cancer cells to bone, as well as 
genes that promote tumor cell proliferation in the bone 
microenvironment. In addition, the review discusses new 
technologies, including better animal models, that will 
further assist with the identification of the molecular de- 
terminants of bone metastasis and will guide the devel- 
opment of new therapies. 



Key words. Breast cancer; metastasis; bone resorption; gene; new therapy. 



The clinical problem 

Metastasis to bone is a common and painful consequence 
of advanced breast cancer. Bone is the most prevalent site 
of first distant relapse of breast cancer, with approxi- 
mately 70% of patients with advanced breast cancer suf- 
fering from bone metastases [1,2]. The majority of bone 
metastases from breast cancer are osteolytic. Resorption 
of bone in these metastases leads to complications in- 
cluding osteoporosis, hypercalcemia, spinal cord com- 
pression and fractures of the long bones. Quality of life 
becomes an issue for these patients, especially since the 
median survival after diagnosis of bone disease is con- 
siderably longer (20-30 months) than in patients who 
are first diagnosed with soft tissue metastases (3-5 
months) [2]. The morbidity associated with bone metas- 
tasis and the long clinical course of the disease in patients 
with bone complications highlight the need for effective 
therapies. 



* Corresponding author. 



Once bone disease has developed, current therapies are 
rarely curative. Palliative radiotherapy and surgery are 
occasionally usedTo reduce the size of tumor deposits in 
bone. Chemotherapy is usually not successful, due to 
drug resistance that commonly develops during progres- 
sion of the disease. Bisphosphonates have been used for 
the past two decades to treat hypercalcemia and skeletal 
metastases. These drugs reduce the frequency and sever- 
ity of skeletal complications by preventing bone resorp- 
tion, although survival is generally not improved in 
patients with advanced breast cancer [3, ^.^Bisphos- 
phonates incorporate into the bone matrix, rendering it 
more resistant to resorption by osteoclastsTlnad'dition, 
they inhibit the formation and osteolytic activity of 
osteoclasts and induce apoptosis in osteoclasts [5, 6], 
Bisphosphonates also exert pro-apoptotic and anti-adhe- 
sive effects on tumor cells in vitro; however, the impor- 
tance of these effects in vivo has yet to be determined 
[reviewed in ref. 7], 

New treatments that specifically prevent or reduce metas- 
tasis of breast cancer to bone are urgently required. De- 
velopment of such therapies requires a better understand- 
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ing of the molecular mechanisms responsible for the spe- 
cific homing and proliferation of breast cancer cells in 
bone. However, research in this field has been hampered 
by a lack of physiologically relevant models. Most stud- 
ies to date have made use of the cell line MDA-MB-231 
that was derived from a pleural effusion in a breast cancer 
patient [8]. MDA-MB-231 cells form lung metastases af- 
ter intravenous injection. After injection into the left ven- 
tricle of the heart, MDA-MB-231 cells proliferate in 
bone, but rarely form non-osseous metastases [9, 10]. The 
MDA-MB-23 1 intracardiac model has been informative 
for investigating the later stages of metastasis, including 
proliferation of breast cancer cells in bone. However, the 
poor rate of metastasis to non-osseous sites has made it 
difficult to verify the specificity of the effects of genes on 
metastasis to bone. An orthotopic model of breast cancer 
metastasis to bone and soft tissue sites that has been 
developed will greatly facilitate research in this field 
[11]. In this syngeneic Balb/c mouse model, bone and 
soft tissue metastases arise spontaneously after mammary 
fat pad injection of the tumor cell line 4T1.2. Indepen- 
dent cell lines derived from the same primary tumour as 
4T1.2 exhibit different metastatic phenotypes making 
this a powerful model for investigating site-specific 
metastasis. 

The ability to metastasize is the single most important 
life-threatening characteristic of a malignant breast tu- 
mor. Metastasis is a multistage process that begins with 
the acquisition of a motile and invasive phenotype by^ pri- 
mary tumor cells. Intravasation of local capillaries and 
lymph ducts is followed by circulation around t he Bod y 
and arrest b^dhesion to the vessel waliriExtrayasatipn 
from the vessel allows infiltration and proliferation in 
specific secondary nssues [^2] . " 
Why is bone such an attractive site for breast cancer 
cells? Bone is a highly vascularized organ that provides a 
fertile environment for colonization by tumor cell s. How- 
ever, ft has long been recognized that metastasis is not a 
random process and that different types of tumors prefer- 
entially metastasize to specific sites. The principle of spe- 
cific interaction between breast cancer cells and the bone 
microenvironment was first postulated by Pagetjn 18j&p 
After studying autopsy records of 735 breast cancer pa- 
tients, he recognized that 'in cancer of the breast the 
bones suffer in a special way, which cannot be explained 
by any theory of embolism alone' [13]. Other tumor _ 
types, including renal, lung, thyroid and prostate cancer, 
also demonstrate a predilection for growth in bone~[T3£ 
while~some, including stomach and ovarian cancer, rarely 
metastasize to bone. Thus, cells of different lineages diT-~ 
fer in tfieir ability to home to bone, to proliferate in the 
bone environment and to interact with stromal compo- 
nents of bone. 

This review will consider genes that are involved in the 
steps leading to bone metastasis. Table I lists genes that 



Table 1 . Genes involved in breast cancer metastasis. 



Stage of metastasisGenc 


Ref. 


Chemotaxis 


cherookine receptor CXCR4 


41 




osteonectin 


46 


Invasion and 


<rv/?3 integrin 




adhesion 


autocrine motility factor 






bone sialoprotein 


1 A4 




cathepsin D 


105 




cortactin 


20 




galectin-3 


106 




matrix metalloproteinases 


28,90 




osteopontin 


107 




U I V Jt-J 11 B >C 9J91CII1 


31 




semaphonn 


108 


Growth in bone 


insulin-like growth factor-l 


109 




interleukin-ll 


87 




parathyroid hormone-related protein 


82, 83 




transforming growth factor-/? 


66 


Metastasis 


breast cancer metastasis 


1 1 f\ 
1 1U 


suppressors 


suppressor 1 (BRMSt) 






E-cadherin 


10, 15 




Kail 


111 




KiSS-1 


112 




Nm23 


113 




tissue inhibitors of 


21 




metalloproteinases 





Genes implicated in metastasis to bone are in bold and will be dis- 
cussed in more detail in the review. The RefSeq/LocusLink desig- 
nation for these genes is available from http://www.ncbi.nlm.nih. 
gov/LocusLink. 



are important in breast cancer metastasis. Genes high- 
lighted in bold have been implicated in bone me tasta sis 
anoTwilfbe discussed here. The first part of the review fo- 
cuses on genes that have been implicated in homing of 
breast cancer cells to bone. The next part concentrates on 
genes that are involved in interactions between breast 
cancer cells and bone cells. In particular, the role of bone 
resorption, and the possible role of osteoclast-indepen- 
dent osteolysis in the development of bone metastases 
will be discussed. Finally, the review considers new tech- 
niques, including better animal models, which together 
with array technologies will greatly assist with the iden- 
tification of the molecular determinants of bone metasta- 
sis. 



Homing determinants 

Breast cancer cells express a number of genes that may 
act as homing determinants to facilitate their migration to 
bone. These include genes that promote invasion and al- 
low extravasation from capillaries within bone marrow, 
genes that confer responsiveness to chemotactic cues and 
genes that allow adhesion to the bone extracellular ma- 
trix. 
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Invasion and motility 

Acquisition of an invasive phenotype is an essential step 
in metastasis. Metastatic cells lose expression of genes 
such as E-cadherin that mediate adhesive interactions at 
the primary site and hinder extravasation from the vascu- 
lature [ 1 5]. In contrast, metastatic cells gain expression of 
integrins that enhance adhesive interactions at the sec- 
ondary site. Metastatic cells become motile by modifying 
their cytoskeleton to form invadopodia and lamellipodia 
by expression of genes such as cortactin [16, 17]. In ad- 
dition, secretion of proteases including matrix metallo- 
proteinases (MMPs) and urokinase plasminogen activa- 
tor (uPA) allows degradation of the basement membrane 
and connective tissue, and access to the secondary site 
[18,19]. 

Each of the genes described above has been implicated in 
metastasis to bone using the MDA-MB-231 intracardiac 
model. Thus, overexpression of cortactin in MDA-MB- 
231 cells has been shown to promote osteolytic lesions, 
but not metastasis to other sites, after intracardiac injec- 
tion in nude mice [20]. In contrast, expression of a domi- 
nant negative cortactin mutant decreased skeletal tumor 
burden in this model. Similarly, restoring E-cadherin ex- 
pression, overexpressing the MMP inhibitor TIMP-2, or 
disrupting the function of the UPA receptor (uPAR) in 
MDA-MB-23 [ cells all reduce the frequency and size of 
osteolytic lesions and diminish skeletal tumor burden in 
nude mice after intracardiac injection compared to 
parental MDA-MB-231 cells [10, 21, 22]. However, the 
studies do not demonstrate that these genes specifically 
influence metastasis to bone. Since E-cadherin, cortactin, 
MMPs and uPA are likely to have a genera] role in metas- 
tasis, demonstrating a bone-specific effect using the 
MDA-MB-23 1 model that rarely metastasizes to non-os- 
seous tissue is difficult. Further work with the 4T1.2 or- 
thotopic model that spontaneously metastasizes to both 
bone and soft tissue will be useful to delineate the roles of 
these genes in metastasis to bone. This will complement 
other studies, described below, that have investigated the 
role of these genes in metastasis. 

E-cadherin 

E-cadherin is a transmembrane protein involved in cell- 
cell adhesion. Loss o f E-cadhe rin expression has been 
Hnke^jo many typesof cancer, inciuaing'Breast cancer 
where invasive and metastatic cancers express reduced 
levels of E-cadherin [15, 23]. In addition to reducing 
skeletaT tumcr ^ui'den, there is some evidence that over- 
expression of E-cadherin in the MDA-MB-231 intracar- 
diac model also results in decreased metastasi&to non-os- 
seous^sites [10], E-cadherinexpression does not alter an- 
chorage-dependent growth, suggesting that reduced 
metastasis is not due to impaired cell growth or decreased 
tumorigenicity [10]. In this model, E-cadherin-mediated 
adhesion appears to hinder extravasation of tumor cells 



from the vascular system to both bone and soft tissue. 
While this study implicates E-cadherin as an important 
metastasis suppressor, E-cadherin is unlikely to play a 
specific role in metastasis to bone. 

Cortactin 

Gene amplification at the 1 lq3 1 chromosomal band and 
the consequent overexpression of cortactin (EMS1) is 
frequently associated with breast cancer [24]. Cortactin 
activates the Arp2/3 complex, a central reguj^rofactin 
dynamics [25]. This interaction facilitates actm~c> r - 
tqskeleton reorganization leading to the formation of ^ 
lamellipodia and membrane ruffles [16]. Anti-cortactin 
antibodies block matrix degradation at invadopodia in 
MDA-MB-231 cells [17]. Interestingly, cells overex- 
pressing cortactin demonstrate enhanced adhesion to 
bone endothelial cells compared with parental cells [2D]. 
These studies underline the importance of cortactin in 
cell invasion and suggest cortactin may be involved in 
vascular adhesion in bone metastasis. Further work using 
new models of bone metastasis will help to elucidate the 
role of cortactin in bone metastasis. 

Matrix metalloproteinases 

MMPs comprise a family of over 20 members of zinc-de- 
pendent extracellular or membrane-bound proteinases?"" 
MMPs function in tissue remodeling and repair by cleav- 
ing a range of extracellular matrix proteins [26, 27]. Ex- 
pression of MMPs by stromal cells is often increased in 
response to the presence of a tumor or other pathological 
condition. In addition, tumors can express high levels of 
one or more MMP family members. MMPs are involved 
in many stages of tumor progression from expansion of 
the primary tumor to initiating and maintaining local and 
distal jnv||jygnJ19]. Thus, synthetic MMP inhibitors'^- 
duc^rima^ rumor growth and local invasion, and de- 
crease"s£3cfir tumor burden in the MDA-MB-231 in- 
tracardiac model [2BT- 301^1^ activfty isregUIaEa"at a 
transcriptional level, post-translationally by protease 
cleavage and by endogenous MMP inhibitors known as 
tissue inhibitors of me talloproteinas es (TIMPs) [27]. 
MDA-MB-23 1" cells overexpressing l1KlP2 exhibit a de- 
creased a bility to ^ nyadft endo thel ial cell monolay ers, in- 
dica ting th at MMPs are likely tojacilitate cell extravasa- 
tion from the marrow'sinus [21] buC again, further work 
[s needed to demonstrate atpeclfic" rofe in metastasis to 
bone. ' - ~ 

The urokinase system 

uPA is a secreted serine protease that has various biolog- 
ical roles related to extracellular proteolysis. It converts 
the Jnacti ve zymogen jplasm wogejunto the active serine 
p rotease plasm in, which cleaves extracellular matrix 
components including laminin, fibronectin and collagen 
[18]. Via interactions^ with inte g rins, ^ pa al^n r^ gyl^g 
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cell adhesion and proliferation [31]. Through these ac- 
tions, uPA prombtesTumof cell migration and invasion. 
Thus, patienfs"~With elevated uPA levels in breast cancer 
tissue have a poor prognosis [32] and overexpression of 
uPAR in a rat breast cancer cell" line leads to increased 
primary tumor growth and metastatic progression in 
viyo [33]. 

Recently, several studies have addressed the role of the 
urokinase pathway in the development of osseous breast 
cancer metastases. The presence of tumor cells express- 
ing uPA in bone marrow has been shown to have prog- 
nostic relevance in breast cancer patients, correlating 
with a significantly shorter metastasis-free interval (36 
months) compared to patients who were uPA negative 
(44.5 months) [34]. However, uPA expression in primary 
breast tumors appears not to be predictive of metastastic 
outcome. In a study of 144 patients, there was no signifi- 
cant difference in uPA activity in tumors from patients 
who were disease free postoperatively, compared with 
those who went on to develop soft tissue or bone metas- 
tases [35]. This suggests that uPA may not be important 
specifically for invasion to bone but may promote growth 
of tumor cells that are already in bone. Indeed, uPA is rrii- 
togenic for a'number of cell types including osteoblasts 
and prevents apoptosis of MDA-MB-231 cells [36, 37], 
These actions of uPA may promote breast cancer pro- 
gression and contribute to bone metastasis. 
Levels of uPA, uPAR and plasminogen activator inhibitor 
type-1 (PAI-l) have been profiled in human breast carci- 
nomas and their bone metastases, using in situ hybridiza- 
tion [38]. Both uPA and uPAR levels were elevated in ma- 
lignant cells compared to normal breast epithelium. uPA 
was expressed in similar amounts in non-invasive and in- 
vasive tumors and in bone metastases, whereas uPAR 
mRNA levels were increased in the latter two tissue types. 
Thus, uPAR but not uPA appears to correlate with 
metastatic disease, but not specifically with bone metas- 
tases [38]. 

In addition to mediating proteolytic actions, uPAR is pre- 
sent at the cell surface in functional complexes with inte- 
grins where it regulates cell interactions with the extra- 
cellular matrix [39]. Exogenous administration or en- 
dogenous expression of a peptide that interferes with 
formation of uPAR//?l integrin complexes on MDA-MB- 
23 1 breast tumor cells inhibits tumor burden in bone fol- 
lowing intracardiac injection [22], This work shows that 
uPAR/integrin complexes are involved in tumor progres- 
sion. Further work will clarify whether adhesive and pro- 
teolytic events mediated by uPAR signaling play a role in 
metastasis to bone. 

Chemoattraction 

In contrast to normal breast epithelial cells, breast tumor 
cells frequently express proteins that in hemopoietic cells 



have been shown to function as homing factors [40, 41]. 
This has led to the hypothesis that these molecules may 
mediate homing of breast cancer cells to specific siies, in- 
cluding bone. 

CXCR4 chemokine receptor 

Chemokines are small cytokine-like proteins that elicit 
directional cell migration and activate signaling pathways 
that regulate cytoskeletal rearrangement and adhesion 
[42, 43]. Chemokines are critical for the development and 
horning of hernopoietlc~cells to specific organs including 
bone marrow [43]. There is evidence that similar mecha- 
nisms may be involved in homing of breast cancer cells to 
specific secondary sites. Upregulated expression of the 
chemokine receptor CXCR4 was recently reported on hu- 
man breast cancer cell lines, malignant breast tumors and 
metastases, compared to normal mammary epithelial 
cells [41]. High levels of mRNA encoding the CXCR4 
ligand, CXCL12/SDF-la, are present in lymph node, 
lung, liver and bone marrow, which are common sites of 
breast cancer metastasis. In contrast, organs that are 
rarely targets of breast cancer metastasis, including kid- 
ney and small intestine, express low levels of CXCL12 
mRNA. 

Consistent with a role in metastasis, the chemokine 
CXCL12 increases pseudopodia formation, directional 
migration and invasion in MDA-MB-231 cells, and these 
events can be blocked by neutralizing anti-CXCR4 anti- 
body [41], Furthermore, neutralizing anti-CXCR4 anti- 
bodies inhibit primary tumor growth in the mammary 
gland, as well as metastasis to lung and lymph nodes af- 
ter intravenous injection of MDA-MB-231 cells. Since 
CXCL12/CXCR4 interactions have been implicated in 
the homing and repopulation of human stem cells into the 
bone marrow of SCID mice [44], a similar mechanism 
may be involved in metastasis of breast cancer cells to 
bone. However, this remains to be investigated, since the 
study described above did not use models that are suitable 
for studying bone metastasis. If expression of CXCR4 by 
breast cancer cells is shown to mediate homing to bone, 
this receptor or its ligand may be good targets for future 
therapies against tumor progression and metastasis. How- 
ever, examining the consequences of inhibiting CXCR4 
on normal physiology, including immune function, will 
be important. 

Osteonectin 

Osteonectin (SPARC/BM-40) has been proposed to be a 
chemoattractive agent that can induce homing of hrt^st 
cancer cells to bon e. Osjejinejtt^ 
dant non-cpllagenous matrix protein^in^jie^Jtj^giil^s, 
cellula r int^rugTIpn?^ envi ronment 

By coniolting ju^^ 

"cellular morpl^ cancer 
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cells exhibit increased chemotaxis and invasion in vitro in 
response to osteon^cjin L buTTfDl to other bone-derived 
proteins Tflcffi31ng bone morphogenic_ protein-4 [46] . 
Treatment with exogenous osteonectin downregulates the 
MMP inhibitor TIMP2 and stimulates MMP-2 activity in 
MDA-MB-23 1 cells, providing a potential link with the 
en hanced in vasive ability of breast cancer cells induced 
by osteonectin [47]. ™ * 

WKeffier Qriemoattraction \y osteonectin is responsible 
for homingoTSreast cancer cells to bone in vivo remains 
to be determine d. The osteo nectin receptor has not been 
identi fi ed. Osteonectin is not express ecTih 'ffonrntf ^m am- 
mary tissue or benign breast lesjons[48, 49]. Similarly, 
several breast cancer cell lines, inclucSng MDA-MB-23 1 
cells, d o n o t express osteonectin [SO ] and therefore have 
the potenflaTto respond to an osteonectin c h emQ attractive 
cradjejiL However, in contrast to MDA*-Wb53T cells, 
T5olh in situ and invasive breast carcinoma lesions show 
strong expression of osteonectin [49, 50], suggesting that 
these cells may not be responsive to chemoattraction by 
osteonectin. While osteonectin may contribute to an inva- 
sive phenotype frTfte^ activation™ ' 
"QjtJl^MESvJ&j^ther work isTequifecrto determ me lTthe 
presence of osteonectin in bone provides a homing stim- 
ulus for breast cancer cells in vivo. 



Adhesion 

The ability to attach to extracellular matrix molecules 
within bone is required for breast cancer cells to gain a 
foothold. Expression of av/73 integrin by breast cancer 
cells may be important for adhesion within the bone mi- 
croenvironment. 

av/J3 integrin 

Integrins are cell surface heterodimeric glycoproteins 
that mediate cellular interactions with the extracellular 
matrix. crv/?3 integrin is abundantly expressed by osteo- 
clasts and is important in osteoclast-mediated bone re- 
sorption. It is required for migration of osteoclasts and 
for maintenance of the osteoclast sealing zone during 
bone resorption [51]. Expression of ov/?3 integrin has 
been observed in normal breast epithelial cells, primary 
human breast tumors, invasive breast cancer lines and 
bone metastases [52-55], ov/?3 integrin binds the 
tripeptide Arg-Gly-Asp (RGD) that is present in extra- 
cellular matrix proteins found in bone, including vit- 
ronectin, osteopontin and bone sialoprotein, and medi- 
ates binding of breast cancer cells to trabecular bone 
[56]. In addition, crv/?3 integrin regulates migration of 
breast cancer cells and possibly invasion [57-59], Con- 
sequently, a role for av/b integrin has been postulated in 
specific homing of breast cancer cells by mediating ad- 
hesion and migration of breast cancer cells to the bone 
extracellular matrix, 



ov/?3 integrin regulates a cell death suppression signal in 
breast cancer cells. Adhesion to osteopontin through 
arv/?3 integrin blocks apoptosis in cells sensitive to phor- 
bol esters [60]. Anti-av/8 antibodies and RGD-contain- 
ing peptides, but not anti-crv/?5 antibodies, inhibit sur- 
yival. By allowing adhesion to bone matrix proteins, 
ccvffS may provide a survival advantage to breast cancer 
cells that have metastasized to the bone. 
Recent work suggests that the activation state of crv^3 in- 
tegrin is an important determinant of metastasis. Overex- 
pression of constitutively active avffh integrin in the 
highly metastatic human breast cancer cell line MDA- 
MB-435 enhances lung metastasis after tailvein injection 
into SCID mice, compared to cells expressing inactive 
crv/33 or not expressing ov/# [61]. The role of activated 
av/73 integrin in metastasis to bone has yet to be investi- 
gated. 



Interactions between breast cancer cells 
and bone cells 

Under normal physiological conditions, bone undergoes 
c onstant rem od elin g. New bone is laid 3° WI lb^,SSSSl^ 
cells«^ production of new 

bone, oste^bIast? ; ?frrnulate the fusion and maturation of 
osteoclast precursors to generate bone-resorbing osteo- 
clasts. Osteoclasts secrete proteases and acids that dis- 
solve bone matrix and resorb calcified bone. The tightly 
regulated interaction between osteoblasts and osteoclasts 
ensures the maintenance of bone integrity. 
The recently identified RANKL cytokine signaling sys- 
tem is important in osteoclast-osteoblast interactions. Ee- 
ceptor activator of NF-*B Jigand (RANKL) is a member 
of the tumor necrosis factor (TNF) family of cytokines 
and is expressed by osteoblasts (fig. 1) [62]. RANKL 
binds its receptor RANK on osteoclast precursors and in- 
duces their maturation into multinucleated bone-resorb- 
ing osteoclasts. Interactions between RANKL and 
RANK are inhibited by the soluble decoy receptor osteo- 
protegerin (OPG) [63, 64]. OPG is produced by os- 
teoblastic stromal cells and acts locally to neutralize 
RANKL, thereby inhibiting activation of osteoclasts. 

Thus, Osteoblasts repUlate osteoclast artivity ky-prpHii^ 

tion of Ec^art lvamg and inhibitory^rolein^ 
IrT^onelnetastasi s; interactions between breast cancer 
cells and bone cells set up what has been termed the vi- 
cious cycle, resulting in increased osteoclast-mediated 
bonejr esorption [65]. Bone contains a diversity of growth 
factors including insulin-like growth factors, transform- 
ing growth factor-/? (TGF-/3), bone morphogenic proteins 
and fibroblast growth factors sequestered in the bone ma- 
trix. These are released into the bone microenvironment 
by osteoclast-mediated bone resorption. TGF-/7, one of 
the most abundant of the bone-derived factors, stimulates 
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Figure 1. Breast cancer cells interact with bone cells. Osteoblasts 
(OBL) regulate osteoclast (OCL) maturation and activity by the al- 
ternate expression of RANKL, an osteoclast-activating factor, or 
OPG, an inhibitory decoy receptor. Breast cancer cells (BC) re- 
spond to release of bone-derived factors such as transforming 
growth factor-^ (TGF/?; by producing parathyroid hormone-related 
protein (PTHrP). PTHrP enhances RANKL expression and de- 
creases OPG expression by osteoblasts, leading to enhanced osteo- 
clast activity. 

breast cancer cells to produce the potent osteoclast-stim- 
ulating factor parathyroid hormone-related protein 
(PTHrP)J66]. This induces further activation of osteo- 
clasts and increases bone resorption (fig. 1). 
Breast cancer cells disturb the balance between os- 
te oby ffij^ RANKL sig- 

naling [67]7ln co-cultures of osteoclast precursors, os- 
teoblasts and breast cancer cells, overexpression of 
PTHrP by the tumor cells enhances RANKL mRNA ex- 
pression and decreases OPG mRNA expression in os- 
teoblasts [67], This increases production of active osteo- 
clasts, leading to further osteoc last-mediated bone re- 
sorption and release of growth factors. Whether breast 
cancer cells can directly activate osteoclasts is uncertain. 
In a study of 18 samples, primary breast tumors were 
shown to express RANK and OPG, but not RANKL [67], 
suggesting that direct activation is not likely. However, in- 
vestigation of gene expression profiles of breast cancer 
cells that are growing in the bone microenvironment will 
be necessary to conclude whether they can act as surro- 
gate osteoblasts and directly activate osteoclasts. 
Bone resorption accompanies o sseous me tast a tic disease 
and is responsible for the skeletal complications (fig. 2). 
However, is bone resorption essential for proliferation of 
breast cancer cells and development of bone metastases? 
Experiments that alter bone resorption in the MDA-MB- 
231 intracardiac model indicate that bone resorption and 
the occurrence of metastases are intimately linked. For 
example, inhibiting ostecfclast^activation by treatment 




Figure 2 Hematoxylin and eosin-stained section through bone 
showing breast cancer cells (BC) adjacent to resorbing osteoclasts 
(arrows) Scale bar 40 ]im The section is taken from an onhotopic 
mouse model of breast cancer metastasis 



with recombinant OPG reduces skeletal tumor buiden in 
nude mice after intracardiac injection of MDA-MB-231 
cells [68]. Overexpression of PTHrP in the same model 
increases the number of osteolytic lesions [69]. In con- 
trast, treatment with anti-PTHrP antibodies results in de- 
creased bone resorption due to a reduction in osteoclast 
numbers and is accompanied by reduced tumor burden in 
bone [69]. Similarly, inhibiting endogenous PTHiP pro- 
duction by MDA-MB-231 cells by overexpression of a 
dominant negative TGF-/? receptor that inhibits TGF-/? 
signaling reduces tumor burden in the bones of nude mice 
after intracardiac injection [66, 69J. Restoration ofTGF- 
P signaling increases PTHrP production by the tumor 
cells and enhances bone metastasis in vivo. 
Bone res orption may be important for releasing from the 
Bone matrix cytokines that promote proliferation of 
br^surancer cells. In particular, insulin-like growth fac- 
tor- 1 (TfiF-ltis a likely candidate. It is an abundant pro- 
tein in the bone matrix and stimulates the proliferation of 
normal and transformed breast epithelial cells [70]. 
Overexpression of a dominant negative IGF type I recep- 
tor that impairs responsiveness to IGF- 1 reduces skeletal 
tumor burden in the MDA-MB-231 intracardiac model, 
indicating that the ability to respond to IGF- 1 promotes 
bone metastasis [71]. Other cytokines present in the bone 
microenvironment, including TGF-/? and interleukin-1 1 
(JL- 1 1 ), are less likely to stimulate growth of tumor cells. 
3L-11 inhibits proliferation of both breast cancer cell 
lines and solid tumors [72, 73] TGF-/? inhibits prolifera- 
tion of primary human mammary epithelial cells and loss 
of sensitivity to its effects has been associated with tu- 
mongenesis [74, 75] 

While bone resorption is consistently observed with bone 
metastasis and could stimulate tumor cell proliferation 
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through release of growth factors, a causal role has yet to 
be shown. Experiments to determine if bone metastases 
can form in osteopetrotic animal models where bone re- 
sorption is defective would provide a more definitive 
answer. Several osteopetrotic mouse models including 
mice deficient for /?3 integrin or RANK may be useful for 
such experiments [76], 

Parathyroid hormone-related protein 

PTHrP was identified as the causal agent in humoraljiv- 
percalcemja^of malignancy [77]. It is a potent osteoclast- 
stimulating factor that elevates blood and renal calcium 
levels by promoting osteoclast-mediated bone resorption 
[78]. PTHrP promotes branching morphogenesis in the 
developing breast and is produced during lactation [79], 
Seventy percent of primary breast tumors express PTHrP 
[80-82]. In addition, an immunohisto chemical study 
documented PTHrP expression in 12 of 1 3 breast cancer- 
derived bone metastases, compared with 3 of 1 8 metas- 
tases to non-osseous sites [83]. These observations impli- 
cated PTHrP as important in resorption associated with 
bone metastasis from breast cancer. 
Several retrospective clinical studies show that expres- 
sion of PTHrP in primary breast tumors correlates with 
increased bone metastasis, but not recurrence or reduced 
survival. [81, 84, 85]. Consequently, PTHrP has been 
suggested as a useful prognostic indicator of metastasis to 
bone. However, a recent prospective study questions the 
prognostic significance of PTHrP expression by primary 
breast tumors [82]. The study of 367 consecutively ac- 
crued breast cancer patients showed that PTHrP expres- 
sion in the primary tumor associated independently with 
improved survival [82]. Consistent with previous studies, 
PTHrP was detected in 72% of primary tumors. In con- 
trast to previous studies, patients with PTHrP-positive tu- 
mors were less likely to develop either bone or soft-tissue 
metastases than those with PTHrP -negative rumors, sug- 
gesting that PTHrP expression in the primary tumor cor- 
relates with a less invasive phenotype. Those patients 
who returned for follow-up bone surgery, however, pre- 
sented with PTHrP-positive bone metastases, and in- 
cluded some patients who had had PTHrP-negative pri- 
mary tumors. This study suggests that PTHrP expression 
is regulated by the bone microenvironment and may fa- 
cilitate growth of breast cancer cells after they have 
metastasized to bone. Consistent with this concept, hu- 
man breast cancer cells isolated from a metastatic bone 
lesion in an experimental metastasis model express 
higher levels of PTHrP than the parental population [86]. 
The finding that PTHrP is expressed by the majority of 
breast cancer-derived bone metastases, but by only a 
small proportion of metastases to non -osseous sites [83], 
is consistent with specific upregulation of PTHrP within 
the bone microenvironment. The conclusion drawn in that 



study was that PTHrP expression in the primary rumor fa- 
vors metastasis to bone; however, PTHrP expression by 
the primary rumors was not examined to confirm this ex- 
planation. Furthermore, experiments using the 4T1.2 
spontaneous orthotopic mouse model of breast cancer 
metastasis to bone [11] indicate that PTHrP expression by 
the primary rumor is not sufficient to induce metastasis to 
bone. Elevation of PTHrP expression in a cell line that is 
metastatic to lung was insufficient to induce metastasis to 
bone [R. Anderson et al., unpublished results]. While 
PTHrP is unlikely to be a useful prognostic indicator of 
metastatic outcome, these studies do support the central 
role of PTHrP in mediating interactions of breast cancer 
cells with the bone marrow stroma. Consequently, PTHrP 
may be an appropriate target for new therapies to reduce 
tumour-associated bone resorption. 

Cytokines 

The cytokines IL-6 and IL- 1 1 promote osteolysis by stim- 
ulating osteoclast formation. Endogenous expression of 
IL-6 and IL-1 1 has been documented in invasive primary 
breast tumors [87]. No significant association has been 
found between IL-6 status and occurrence of bone metas- 
tasis. However, tumors expressing EL-1 1 mRNA have a 
significantly higher rate of bone metastases than IL- 1 1 
negative tumors [87]. IL-1 1 is likely to play an important 
role in promoting osteolysis at the site of bone disease, and 
expression in the primary tumor may be a useful predictive 
factor for the subsequent development of bone metastases. 



MMPs - osteoclast-independent osteolysis? 

The central role of osteoclast-mediated bone resorption 
in the development of skeletal metastasis is well docu- 
mented. However, direct degradation of bone by human 
breast cancer cells has also been observed in vitro and 
may be mediated by MMPs [30, 88]. Osteoblasts and os- 
teoclasts produce MMPs that regulate bone homeostasis 
[89]. Metastatic tumor cells present in bone produce 
MMPs capable of degrading bone matrix collagen [90]. 
Interestingly, while TGF-/J enhances expression of MMP- 
1 and -9, and TIMP-1 and -2, by MDA-MB-231 cells in 
culture, it inhibits MMP expression in normal breast ep- 
ithelial cells [75]. This suggests a potential mechanism 
whereby the release of TGF-/? from the bone matrix dur- 
ing osteoclast-mediated osteolysis may alter expression 
of MMPs and their tissue inhibitors in bone-metastasiz- 
ing cancer cells. 

These observations suggest that production of MMPs by 
breast cancer cells may contribute to osteoclast-indepen- 
dent degradation of the bone matrix or connective tissue. 
This may be especially relevant in the advanced stages of 
metastatic disease when growth factors such as TGF-/? 
have been released into the bone microenvironment 
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through resorption of bone. The development of therapies 
that inhibit tumor-associated bone degradation will need 
to address the potential role of MMPs in this process. If 
breast cancer cells are shown to mediate both osteoclast- 
dependent and -independent osteolysis, inhibition of both 
processes will be necessary to block the vicious cycle of 
bone destruction and tumor cell proliferation. 

Development of new therapies 

The most promising therapies for osteolytic metastases to 
date are aimed at inhibiting bone resorption. Direct inter- 
ruption of the molecular interactions between RANKL 
and RANK using recombinant OPG has generated 
promising results in animal models, as described above 
[68]. In addition, a recent phase I clinical study in breast 
cancer patients with bone metastases showed that a single 
dose of a recombinant human OPG construct resulted in 
decreased urinary N-telopeptide (NTX), a marker of bone 
resorption, at levels comparable to those achieved by 
treatment with the bisphosphonate pamidronate [91]. 
Experiments with animal models have indicated that the 
inhibitory effect of OPG on tumor cell growth appears to 
be specific to bone metastases since exogenous OPG has 
no effect on subcutaneous primary tumor growth of 
prostate cancer cells [92] or on primary breast tumor 
growth and lung metastases that occur after growth in the 
mammary fat pad in mice [Anderson et al., unpublished 
observations]. Furthermore, the reduction in bone metas- 
tasis seen with OPG treatment in the MDA-MB-231 in- 
tracardiac model did not result in tumor redistribution to 
other sites [68], which is an important consideration for 
site-specific metastasis inhibitors. However, this may be 
attributed to the limited ability of MDA-MB-231 cells to 
colonize non-osseous sites. Studies in orthotopic models, 
such as 4T1.2, that also metastasizes to soft tissue will 
clarify this point. 

Similar OPG levels were found in breast cancer patients 
with no evidence of bone or non-osseous metastatic dis- 
ease compared with stage IV patients with bone involve- 
ment [93]. Thus, OPG expression in primary tumors is 
unlikely to be a useful prognostic marker of improved 
outcome or reduced bone metastasis. However, if OPG 
can be demonstrated to decrease skeletal tumor burden or 
improve quality of life in patients, it will become a novel 
and specific therapy to treat tumor-associated bone re- 
sorption. 

The central role of PTHrP in bone resorption makes it an 
attractive candidate for new therapies to treat osteolytic 
bone disease. Humanized anti-PTHrP antibodies are be- 
ing investigated [94]. Small-molecule inhibitors of 
PTHrP that reduce osteolysis and skeletal tumor burden 
in an experimental model of breast cancer metastasis 
have been identified and may form the basis for future 



therapies [95]. Therapies that target IL-1 1 may also be 
useful to suppress osteolytic bone disease [96]. These in- 
clude cyclooxygenase inhibitors that target the prosta- 
glandin E2-dependem mechanism of IL-1 1 -mediated 
bone resorption. 

Inhibition of MMP activity is an attractive clinical strat- 
egy due to the central role played by MMPs in tumour 
progression. However, results from phase III trials have 
shown little or no clinical efficacy [27]. Future trials may 
need to target patients with specific MMP expression 
profiles determined at an early stage in their disease [97]. 
Trials may also be more successful with the develcpment 
of more potent inhibitors of MMP function. Antagonists 
of avfft integrin are being investigated for use in d; seases 
including osteoporosis [98]. With a better understanding 
of the role of ov/O integrin in bone metastasis, these 
drugs may be used to prevent adhesion of breast cancer 
cells to the bone or to reduce bone resorption by inhibit- 
ing osteoclast activity. 



The future 

Considerable advances have been made in identifying 
genes that facilitate various steps required for bone-spe- 
cific metastasis, inclu^in gjioming ancfl atj ^jgn tr. hr^c, 
and genes that create and maintain an environment that 
supports proliferation of tumor cells in bone. Mouse 
models of metastasis have been invaluable for the identi- 
fication of these genes. However, most models of breast 
cancer metastasis have been inadequate at delineating 
site-specific metastasis. They lack relevant pathophysio- 
logical pathways of metastasis since tumor cells are often 
injected subcutaneously or into the vascular system. 
While the MDA-MB-23 1 intracardiac model has bten in- 
formative, more definitive results will come from new or- 
thotopic models of breast cancer metastasis to bone such 
as the 4T1.2 model. Another orthotopic model of metas- 
tasis to bone may be developed from observations that 
bone disease develops in SCID mice 4 weeks after re- 
moval of primary mammary gland tumors derived from 
MDA-MB-435 human breast cancer cells [61]. This 
model would allow the metastatic process to bone to be 
investigated in vivo using a human cell line. 
Models of spontaneous metastasis to bone will allow all 
stages of breast cancer metastasis to be investigated, from 
escape of the primary tumor cells to metastatic prolifera- 
tion at multiple specific sites that mirror the human dis- 
ease. In addition to confirming the role of previously 
identified candidates, the new models of metastasis pro- 
vide a system for unbiased phenotypic or genetic screen- 
ing for novel genes that influence bone metastasis. Intro- 
duction of cDNA libraries into cell lines used in the 
mouse metastasis models will allow unbiased identifica- 
tion of genes that alter the metastatic capacity of these 
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cells. cDNA microarray technology will be useful for 
identifying new diagnostic or prognostic markers of bone 
metastasis and targets for future therapies. cDNA mi- 
croarray screening enables simultaneous evaluation of 
the expression profiles of thousands of genes. This tech- 
nology has already been used to identify genes that cor- 
relate with specific metastatic phenotypes [99-101]. In- 
formative experiments will include comparison of gene 
expression profiles of samples with specific metastatic 
phenotypes (for example, bone metastases versus soft-tis- 
sue metastases, or primary breast rumours with different 
metastatic outcomes) from both human samples and ani- 
mal metastasis models. 

In the same way that breast cancers differ in their genetic 
determinants of tumorgenicity (for example, mutations in 
Neu/ErbB2 or BRCA1), the dominant determinants for 
metastatic growth in bone are also likely to vary (for ex- 
ample, bone resorption stimulated by IL-11 or PTHrP). 
Most current candidate genes have only been investigated 
in the MDA-MB-231 intracardiac model Validating 
these results in the new models of metastasis to bone and 
in human material will be important. This will be assisted 
by the development of tissue microarray s [1 02], which al- 
low rapid screening of large numbers of human tumor 
samples on a scale not technically feasible by traditional 
histological methods. 

These technologies will provide invaluable tools for char- 
acterizing the molecular basis of metastasis to bone. They 
will complement the current studies of candidate genes 
and should reveal the genes that are essential for bone 
metastasis. The results of this research will pave the way 
for the development of new therapies that will specifi- 
cally target the steps involved in breast cancer metastasis 
to bone. 
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SPARC (Secreted Protein Acidic and Rich in Cysteine) 
Induces Apoptosis in Ovarian Cancer Cells 
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Secreted protein acidic and rich in cy steine (SPARC) is 
an extracellular Ca~ + -binding matricetlular glycopro- 
tein that associates with cell populations undergoing 
migration, morphogenesis, and differentiation. Stud 
ics on endothelial cells have established that its prin- 
cipal functions in vitro are counteradhesion and an- 
tiprolifcratiuii. The mechaiiism(s) underlying these 
antitumor effects is unknown. In this study, we 
showed that SPARC expression in ovarian cancer cells 
is inversely correlated with the degree of malignancy. 
The immunoliistochemical data presented here con- 
firmed the importance of diminished SPARC expres- 
sion in ovarian cancer development. Treating human 
ovarian surface epithelial cells and ovarian cancer 
cells with SPARC revealed that as SPARC inhibits the 
proliferation of both normal and cancer cells , it in- 
duces apoptosis only in cancer cells. This observation 
indicates that down- regulation of SPARC is essential 
for ovarian carcinogenesis as cancer cells become 
sensitized to the apoptotic activity of SPARC during 
malignant transformation. We also showed here the 
first direct evidence that putative SPARC receptors are 
present on ovarian epithelial cells. Their levels are 
higher in human ovarian surface epithelial cells than 
cancer cells. Binding of SPARC to its receptor is likely 
to trigger tissue-specific signaling pathways that me- 
diate its tumor suppressing functions. Decrease in 
ligand-rcceptor interaction by the down-regulation of 
SPARC and/or its receptor is essential for ovarian 
carc inogenesis. (Am J Pathol 2001, 159:609-622) 

Ovarian carcinoma is U e rr.ajCr cause of death among all 
gynecological malignancies It s trie seventh nest corn- 
men cancer in '/.-omen /.-chewae and is fourth : eadinq 
cause o* death mom ea*ico r among American women 
iciicv.mg lung creast ana colorectal cancels ' U e over- 
all e-year s /> .a ra*e is on ; y , •' Mom 'hr 90",' r: 
human ovanan canceis a r e V '....m ' to arse hem tne 



. ana'" £j r *ase ecime'u^ *\~ c'- cnam o :ne :-rr'~e m 
vctoomental cog n icoeicmio eptnei jmi v\it r ^ tne genera' 
pe.vc and abdomnal centeneurn. C-anan carcmrg-n&- 
cr, is a '•ulor.ee po •">.:•- s nvcCi m .. • o - gee 1 c 
manges, m " jg" several -mm .:e r es (eg, c-E r cS ' . 
hEP-2/n^u. c -tnis, K-oas; ana turner super ess c r genes 
mg 8PCA: poo, DOC have been impi,:a:eo ;o be 
: moived n ovarian tumor tcrmarenC the cathogenie 
mechan f-ms ir, which normal ova r an ep tt e ia! ceiis be- 
•. : me malignant remain poo' y understood 

SPARC Secreted protein aeidic and rich in cysteine), 
a so termed osteonectin, BrV.--10. and 43 k prole n, is a 
ttalcium-bindTig na*nce*tutar glycoprotein that d' op ays a 
high degree of intersoeoies sequence corsemation v 
mis consistency indicates tha* SPAPC performs aloasm 
ai d mportai.t 'unction in anima t;ss jes Lscal zation by 
mimu^onisteohemistry and >n S'tu nybndization nave 
demonstrated *.hat S~;, A RC is spat ally one tempera ly 
mg-j ated dinng development. It is toansiercy expressed 
o denVaWes c* *he T hre~ prim t.ve gt-rin lasers >n mouse 
. " brv' s H;gh levels of SPARh' mRNA am.1 proter- 
r-,j\ e been fo^nd i r ■ devrPpmg L>or es arc teetry phoc - 
pah/ osteoblasts, o 3 or toe-lasts perichondria! f b r o blasts 
and dirc:f'cntiat-rg chondrocytes : r- rnurne. bov ne.^and 
I* mnan embryos/' s;PAPC also plciy-s im,p:;rtenc m-les m 
<t-tl-ma f 'i"; interact :ns danng tissse remodeling, wound 
recar morphoyeres-s, cel'ular idi'ftrrentiation. ce-l rmgra- 
tich^a^d angiogenics. ' p 

In feta' and newborn ovaries, hnr^ct SPAPC e^p-es- 
s on has been fojno in granulosa eel pre:;omors ard toe 
e arfy stages of ooc/tes. in tne c-var.es -j* ^-week-old 
f-imalure fema'e mice, the t- ^ al < e Is amurd neve cp- 
■j.g fulijks sue wed tne fighest levels of SPARC exp r es- 
■io r , whereas low levels are detected n fol icular cells 
a' d oocytes In ovanss of o f ecnant 'emales. the theca 
■j'.p r ess : or is mamta nod, wlieroas h gn levels of SPARC 
a r e also seen throughout the corrca ictea. 1 ' * J As fo r 
adult humari ovary. SPARC. ;= expressed at high evels in 
ovarian surface epithelium 1 * and n tee fibrous stroma 
assoc-aten wr.h ovarian carcincn-.as 
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- \\ .//• S^ARC < a?, sweater: ,v m - e e*t'ace jar 
"Ojtr < t 'Joed f, :jt s-pp. ft Ce : attorn -m. ,;. wOu " :=>- 
oge^ous SPARC has Deeo shewr to rouse cei round ng 
a^o t: nn^ e^cmehal oe's. smooH musce oe-s. a r c 
+ oror lasts from :p r ead'r g < n ce agoo-ccated :ur%: e 1: ' 
SPARC c so dismpts Ho a achesons ard alters the ds- 
tr Oi.no'i of c>toskeleta elements ard pe'meab;Oo/ c* en- 
. : :\ - 1 a eel s It has r.r;e" pmpesed *-a: SPARC rte-- 
acts eel surface prote>' (s) to fac^tate changes ir 
cell snape and cell migration 9 p ' Apad f'om these eoum 
tenajhesive acti.ities. SPARC alsc inhibit? pro Iteration of 
endotnei a : en j % : ^ 2 Recent studies have suggested 
Hat the coanteradhesive effect cf SPARC on endothelial 
cells is medated thrcugh a tyrosine phosprcrylaticn- 
oependenl pamway whereas its antiproliferative function 
s oep~nce-d orpSigral hansdjetion via a G-prctein-ccu- 
pied receptor/'' Nevertoeless, neithe' the SPARC -eeep- 
nor the ntra co lutar signaling everts that it triggered 
nave been characterized 

Our caller study demonstrated that SPARC *s d:\vn- 
regulated in ovar-an carcinoma eel s/ 0 Restor ng SPARC 
e< press on r ~4 -.ble trans'eotants of ovar an cancer cells 
eads to reduced growth and tumongenicity 14 To mves- 
tgate tr e unkrewn mechaoism(s) underlying the a iti tu- 
mor activities of SPARC, we have treated normal ov.irian 
ep thehal cells and ovarian career ce Is with e<ogerous 
SPARC and studied their growth and induction of apo 
ptcss We have a so e<amnec the presence of putative 
SPARC receptors on ovarian eel: surfaces 

Materials and Methods 

Human Ovarian Specimens 

A total cf 12<:d<es of benign epithelial ovarian tumors, 16 
oases }f co r derime epithel al cvanar tumors, ano 58 
cases O' malignant ovarian carcinomas were studied. 
Those patents were diagnosed a n d treated for ovanan 
'umors at Bngnam ana Women's Hospital. Boston. MA. 
Patient's consent was obtained bef:re the eclection of 
surgical materials. All tissues were tixeo in 10% ouffered 
lormahn ana embedded in paraffin blocks. The his- 
nopatno ogica ! d agncsis was confirmed by two gyneco- 
iogicai pathologists at Brgham and Women's Hospital 
and Massachusetts Genera Hospital. The tumors wore 
classified and graded according to the International Fed- 
eration of Gyneco'cgy and Obstetrcs (FIGO. 1 38 T) cri- 
teria for ovarian tumors. Among those m alio nan* ovarian 
carcinomas. 21 cases a r e grade 1 , 13 cases are grade ?. 
and 24 cases are grade 3 Twenty-f ve normal ovarian 
t ssue samples obtained from patients with cthe r nonneo- 
plastic gynecological diseases we r e also inciuceo in this 
stuay for comparison, 

Immunohistochcmical S f aining of SPARC 
Protein 

SP/iRC v w as detected on pa r affin-enbeddeo tissue sec- 
tors 0/ die av'din-ticti 1 1 ce^cx-dase romp; ex ! ABC) 
'■re'h:a using a rabb t co /ciuny! am body. wmc' 1 



instates ^d-V .B Resea-cri Bnaron; Ber = sda. 
Ml. "or compa r scm some cc me specimens A'ere mm— 
m:s*a r ed us no -i ^o-^se r no:c: o p 3: art rood, go-no-'- 

a'oc a /) '\:t 'no *J ' r..j .; ::r o* o° ARC 

hem=;:ojic Tecnnoog.es oc ossex J \ c 
S-cven-^n'r-thrk ti^si.e se: ti;^s -n ce anr-c :a*eo : ioos 
\\- _i 'e ho-eci :~\ ?-Z C ; o r " r -j*e .nan 2 * curs a r ic e r - 
d-para"inize ) r s e r e and r e^\'d r atec in g-adeo etna- 
n:s ^c^r ant- pen ^nmaskirg. sections were :rnme r 5ed 
a-uicen jnmaskirg solato'" : Vector Labora'ores. s^c . 
B jrl.ngamo. 3A) and bo'cd -r microwave c v'eri Tor 1^ 
mnjtcs Antigen retrevai was done onl Y ' for orc-cedu'es 
using ne monocora- artibody AON-503C The nssue 
secti:. ns .vere tren washed n phoso r ate-r uf*e^ed sal ne 
(PBS) fo r 16 rnnjtes an:: 'he e' dcyervous pe*oxidase 
a';ti</C, ,vas docked by soaring the sections in 0 3°o 
Ivdrcgen pe r ox.de n mietharc! for 15 mnutes. After 
waging m PBS 'or 15 mrices n:nspc-c: ;i c sc^om 
b'Odmg : tes were biocheo by -rcjoating the seotiois i^ 
nrma goat y horse serum d 20, Vector Lacoratonesi 
F<cess serum wa : ; then removed a^cl the t ssue secnons 
wen? incubated overmgnt with lF-54 at a d.iution of 1200 
or ACN-5031 at 1 /ag/mi. A :, ei was'T'g 'he slides in PBS 
for 30 minutes, He sections were n:;u:.a:ed vvitn biotir- 
y ated goat arti-raobi: antibodv or horse ant'-m:.use an- 
tiooov [1 200) for 45 minutes, followed by a lo-mmjte 
washir,g in PBS. For the negative cont/oi PBS instead ot 
the goat o' horse ant body was used n tne incjbator 
jhe sections were subsequently noubated v^ith ARC re- 
agent [ABC reagent contains reagent A (avidm Dhh and 
reagent B (bidtinylated horserad sn pe r oxidase H)] f o r 30 
rmnu'cs Afte' wasning the t'-s^ ue sections ,v tn Tns f" offer 
for t f S minutes, eclor was develcceo by re abating tne 
secoons in pero-idase substrate soution (3.3'-diamino- 
bencidirie te*rahyarochl;r-dei for 3d c.econcs Firiallv, the 
secion^ v/e r e : " jnterstamed witr hematO'tyl r . oeoy- 
drated. a-d mounted The speoif city of stain ng was 
conlirrned by preabsoibnig tne antibody wiH punfed 
SPARC protein ;Hematoogis Technologies Inc.) at 37 J C 
for 2 hours before applvr.g to the sections (1 fig protein 
per 1 ug IgG). 



Semiquantitative EvaiuaPon of fmmunoreactivity 

"The usee r .eo*icns irn^n;r'OS"a:'iOd wit' • ant 'SPARC am 
tbodv were examined by two ndependerit oose r vers 
unaware of 'he clinical data At east f ve sections were 
'aridom!/ cnosen from each spec rnon for -.ccrrg. The 
ntens.ity o* n m jno r ea:t vity was graded b; a 12 con* 
weighted score that wan computed by multiplying tne 
intensity sc~ r e with tne percentage of positive ceils score 
on a section mten^ it / sco^e wa^ denoted r.y a s^m • 
cuan* tative scale 1 1, ! ow 2, n edium, and 3. I igmstaming 
ntenc-itv The percentage o' pos live eels score was 
estimated b/ *hc average nu^.ber of pssit v^-^ cells :u! c' 
ttie tea number Df cp thciiai :.eiio seer', on a sect or . 0, -.o 
ooscve cells, \ 1 to 25%. 2 26 tc 50%: 3 51 to 75% and 
4. -7/-. o f pns tve ce : ls T he r efo'e. tne weighteo scares 
r a r g~ r T- V' 1 t r^.-'n " e ' i-r , a r a ** v 
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oemeotajje of immj^oposit.ve :e s ^he cava obta oed 
we re ara yzeo by one-tares cne-sa'^p:e :-test Tre staging 
o' a t jmor sampe tc csnsidorea as g grit :aovy d'-emm 
t- ia » 0 * r , : rma : ovanes whe~ P < 0 Ob 

Ce/.' Cultures 

T~e pr mary "unnar. rnesothe.iai (N'ESCn ana ovarian Su-- 
T ace epitneha (hCSt* con cultures vvcrc ostabiisne:: as 
previous y described :>ti The immortalized HOSE eel iine 
r-CSF - -5 was ebtaren by infecting HDSF ceHs with a 
reel : alon-defective retroviral cc nst'uct. K.SN16E6E.7. 
ana pL'S live clones we'e selected usrg 0 3 mg/ml G418 
fo r 1C days as described. 2 '' The Ovarian raxmonna cell 
I ne SKOV3 was purchased f r orr ATC I (Roekvihe, MD\ 
and all of the other ovarian cancer cell Imos usee m r s 
stusiy were either establ shed ir cur later ate ry o r ee- 
tamed elsewhere mey were catered in Medium 199 and 
MCDB -C5 (1 1) supplemented wtn 10% fetal oovne 
semm (G1BCO BRL, Recviile. MD) 

SPARC Secretion Assay 

Secret cr of S D ARC into culture medium was studied 
using a primary cjitjre of ncrrra ovarian epithe ial ce.ls 
(HOSE713), an mmortalized ovarian surface epithe ial 
cell nr-e (HOSE1-15), and four ovarian carcinoma cell 
Lnes (SKOV3 OVCA420 OVCA429, and DOV13). A total 
of 5 >. 10* 1 eels from each eel line were seeded into 
separate 25-crrr tissue culture flasks cortaining 5 ml of 
ru'ture medium Culture med urn alone m a flask was also 
set jp as control. After £ days : the euliure medium from 
ea:n ce'i line was col ectoc and the cells were eojnlel 
"he c ulture med:urri (2 ml) from each cell I ne was loaded 
n separate Centrccn 100 centr legal concentrator and 
sec" in a Scvall RC-5B r efngerated centrifuge a: 2000 
rpm 'or 30 minutes at room ternpe'ature The filiate from 
eaon vial was men collected and loaded in a Centn- 
oco-tO ccncent'atDr and spun at 5700 rpm for 1 floor at 
room temperature. After spnning, tne 'etentate was col- 
lected and the prote'n concentration of each sample was 
determined by the Micro BCA protein assay kit (Piece. 
RocMord. IL). To determine the amount of secreted 
SPARC for each ceil line, we a so soikea serum-nee 
cJt'jre meoium with. 1 5. 10 or 25 m9 °* ourif ed human 
platelet SPARC proteins (Hematologic Technologies 
Inc.) and they were concentrated from *ne medium the 
same way as described for the cell res. Western blotting 
w&; performed and the SPARC signal intensify was quar- 
thed by densitcmetric analysis 

Western Blot Analysts 

Prvein samples (75 ^g) were m-xed wit^ equal volumes 
of 2< sodum aoaecyi sulfate (SDS) sample buffer (125 
mmci'L Iris. 22 moi/L glycerol, 1.42 mci/L pmemapto 
ethane! . 100 mmcl/L SDS, 10 mg l b'omc phenol blue 
pH f 8 1, hoi.ed for 10 minutes, amd resolved by SDS- 
LKi^aerylamide ce 1 electrophoresis C0%; The/ were 
tne r ~ transferred to po'/vnyi den*- oikucnde membrane 



HEN 8:sto~ t.- A) ni^ca'eu eve"- oht so 4 : 3 r 
TBS T O0 r' r :.. Os pH 7 t- -00 mm;:l l \a0 C.*% 
Twecr 20 ::0"!3r: 5% "o^mt a r y m P After was" "g 
w<n \bY the ^emma^e ass rcubaiec :r ; - ^ !< 
c:o'"ta-M-.r] 2 fig.'nl r-.-t the 'Hcncoo^a- a^t-S^A-C n'C- 
Lody AC»r.-5::3- a'c oc . i tohr-clogies -c / at 

-ocm ti'TO-? r a'u r e for 1 nc^r T he mem: mne v.^s * H e° 
washed s:« t mes w.t'"- TEST, each *o r •■ n nnun s. a^a 
i no j o ate a at -oom tor* oemtuc w>tn hcr;ema sf- :e'0 - - 
dase-:cn >:;at9C den-cv a r 1-mo^se jG -Amershr.m 
Piscatawav r J_ to- 1 oo.i r Afte- wasri.rg w rh TPS T 
ssens's a ere \"::ual 1 7.^.-0 us : n^ : e - 2 i: : r -a 1 VV---.7 r r..v 
cf -..in .on ,' --r-. t-f ' suL -iirale :F e r . ei 

Growth Kmetics 

Cell proli^ora'io^ was stucied >.^rq ori" assays i'vo 
B r dU r-:ci'pofatiori cr^me uri-cd immu".: sorhcr-t ass?// 
iELISA) (H:-:"e Moe;ula' B-o:h-2mi:j'-.. ncaiafolis. 
!Ni. MTT <^say is based on tne corve-sion of MTT (a 
tetrarolijm salt; by viae'e cells rto a vio-et fcrmajar dye 
'hat can bf o^antified Ly rneascrincj at.'b rbar ce at 550 
nm. HOSE 1-15 or ShOV3 oeHs c :< lO'/wen) were 
seeded in 3 ?6-well rate in 07 ml of -o ulture med-um 
suoplementod wi-n dif'r rcn' amcunts :* ;f :, 7\-(C After /?. 
nov.rs, Mil - aoe ir.g r eagen: was az^ec \-j 0 5 mo-ml a^u 
t^e ce Is were incubate J at 37 "C for ari:tt^.er 4 honrs Tne 
cells we-e *nen lysec t-y add'nc 0 1 "".I :t solut -iza'ion 
so ut-on ;10% SDS in. '0.01 mol,' nyarOLh'ono a:id) Afte' 
an ovemignt ■ncubaticri at 37 'C abso'cance at 550 nm 
(w.th a re'erence wavelength of 055 nm} was dete r m ned 
us rig a Benchmark mic r op'ate reaaer (Bio-Rad He r - 
cu es C. fi ' 

F ( r Broil I FLISA, Sf- OV3 cells or MOS-i-lf) rt-lls (5 >: 
10^ cels.'we.) were t'-ated lor ^6 hours at 37'C wnh 
d t'erent :':»ni;entr ati: n o* exogenous SPARC m a 06- 
wel- d ate. AMe r incubation, the cei;s were labeled at 3 7 °C 
with the pynmid ne analogue BrdU ( 10 ^m<:l/L) 'or 6 
hctrs DrJA rynthosis a as monitored based o r the i^oor 
poratton BrdU nto DMA wh..;n was detected D; rnn- 
rr unoassay according to the manctariurer's insiroct rr. 
Celknar p r oli'era'i:n was determined hy measu-ing ab- 
sorrjance at 370 rm " of ere nee waveiengtfi 490 r -rr ; 

Analysis of Apoptosis 

Inductor, o* apoptos ^ in SKOV3 eels and HOSEd- ■ 5 
cells after e«ogenous SPARC treatment was e>ammed 
using m situ eel deatr deteclcn ['cmina sUlP r ich-end 
laoehng rur^ELi] assay and eel ee=tth detection ELISA 
(R-oche fv'oecular trochemica s i. ^KOV3 -ell? or 
HOSE 1-15 cells M ■ '0 4 ce.ls'well) were tree-en with 
d Merer .t . ■:. ncentnitic- s of SPARC ( 0.5 70 fig/rul) '(O 43 
hours at 37 "C in r-w>- ' chambc s;l des or 96-well plates. 
In fe "U" JE2 assay, SPARC-treated or untreated SKOV3 
cells c a (.; r, ambo" i -de wore fixsd w th 4% c^-^c^rra - 
dehvde at mem tempemtu r e *or 3 j m : - j:e s, and tne ce is 
v;ere cerm.-a00zec with 3 1% TriKr r-100 0.1% s:- 
oum c tmtej sn ./ en *or 3 nrnntes at 4°C DTJA s f rand 
b r eakb r d^.-. J by ^ocp'os'S v.e r e ..electee o / "ie i r - 
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tsmmatT'" : ; i xrevcer- ar.ee: 'm: ec* m m — Tahu- 1. w . <i ■ ■ • ■■ ^ ■ : h , . ■ 

• -•' I m - ■ :- arm -a am-' <.,o J. ' a . *ram- " 1 - ' ^ ! v '- " '■.■■■.■* ^ ' 

t-v m " • t • - j • t ar d roe m-. - f •; r tr-rs a m •: am , 

: . t l :e ■ - n a Tate : r e e*to f -' n*' armrest ; osuTtc" , .-, . .• .. v_-, r ,., e , *.-a a >r 

Oh "V':= :el 0 .vt 1 '; a's_ u!a red w :h OAF' (C f jug'O; to' ■ m;-:-' m, ■ 

: \ \ ii, r /r ; o" mom v y m-m* m- Tne earn ac cpmm . ,.. , . 

ce'v arc DA :, m mires ceils were fee*" r::^ luces- A_ r . ." V ^ „ . 4 

C •: r Terrr fE L I S A was corsmmd acccM'Tj :o :he '• •» • • 

^a- utaotarem protocol. Bretiy. : PARC-tre roc o r urn- ~' a _ J.* a.J 

moren :> -0v" J vm: mO)SE1-10 rem //ore lyma ir ; ;, 00 ui 
of i, sit buf'e- at rir. '-i ten- pern'me ; ci 30 ' r . i 1 jt— s The 
i u: ema'ant . .. I eco. J afte' ewr tr fugal cr wa; imr sirred 
t: a strecta-aa mcoa'.ed rmenmiter elate. Aue f r hou's of 
immbaoon at room temoeratare w;'h the imr v mo r eagem :-'mo - ■ w:f <l -.-'^r.'-j m : - m . -j m- .. ..m. ■•>•■. a- 
m >. tit bo.md moro- ara Tligcmudeosomoo an tr o m;- ; oj'; ir ^ V.^!'^ ""' t e ' " r - r ' uti r: ' ;h0 -'i^m • 
cf-y-'cr p'a c- v.e r e .v ashed three i nnes wrr ncjbaticn 
uuhc r At:c *h-: wasnoT, 100 /ui o: i.jbst r ate ; :Ut :n was 

adoed *o ea:'" vvei Abscrcance at 405 ntri :re*eren:e no vVCr . ? r : c . rr:; t !V ;he inc-eases .n ahr'jrtarce 
\va.f?!e r -' fi^' /.as rioten-in-ed afte r 1'j t;: ?[ m rv jjq~ rn 
ato;. ;f fTuhaiijn voth shaking at -non tea r o-atuT 
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Receptor Binding Assay 

\'o propa r o * r ic SPAHC- AP tusior crotc n need -r the 
re<:cpt;)' bnjirc ai.^ay, cDTJA c^codsrg oF"'ARC W35 
pc y 'r7ie r ase -:ha i n react on-anplified frorr. a SPARC e>- 
P^-tsio". vrrdor'' 1 : js.ng T7 prime' and a SPA^O-codrg 
re-:; on .'ever^e purnei that contains a BglW rosviction S'*e 
(5 "-GAA GA.T C TP CCG ATC ACA AG A TCC TTG-T I P-.y 
arr. oiifted [."'*■; A fragfoent was digested with HindM and 
BC'M .\-hicf: iv3':- stbs-spjenty i"~se r ted la-tratne up- 
stream :f th c coara Tcqjenco -at a T nemo:r *a le r gman 
pla^on'j! cili-a -o phosphatase (APi in f hc exp'CTSon 
ve<: :.;r pAPtag-2 (GenHuntcr Ccrp.. Nasav ' ; e l r J) T-- s 
S-PART' AP rc-'istr jet was cs-fansfecteo with tt e pTK- 
Hvj plasma; wiich ocntan^ the nygromvcir P. res s- 
tan je gene, into 293 T cells. A*';er hvgronyci'i B selection 
1 0 t rng/mh, stable :ransfectan's that secrete '<ijh levels 
SPARC -AP protems were se ected and g r vn [o co f " - 
ticence Ahc 3 oays :he culture medium cent anno the 
sccre*ea p'otc ^s were ccliected and filtered As a neg- 
at ;e con't-j 1 af protemG 'were sirr ilar y prep ired from a 
293T/cAPtag-4 stable ceil line that secrces AP alcr-e 
!oenMen*e r Corp.). Tne secreted proteins ir, cjltu'e me- 
diem were- >.sed ir t^e rerpnt,j^-r:ir d ng as^.av des*:nh^d 
Oe' :w. 

Ir re:ep*- . r-bi'iding as:says. ovanan carv- r cells and 
H-oSI :ells were pnwn to ~S0°o ccntlaent m GC^mm 
:j "urc disheT. Thev were r, nced c-nco with HBHA cuffer 
: hKjn-<s brJtir-jcd sal: GO:cajn with 0 5 rng''ml bov re 
^e r em alburan ana 20 mmD'/L HL^tS. pH AO) an:j m 
s .nateo wit 1 " SPAR-2-AP c AP srote ns ir : . f-egati.c 
ccntrol) a: r :om ten-penature f:;r 90 minutes Af'e r s ix 
wam.es w th MRUA buffer for 10 m nutes, h e sells wt^re 
iyi-ect and tne endocienr.i js alr.a'ir e-phosp- a* ^se a ~iia- 
tie- in the lysa:es weie t >ed!- n^cavatec a: b r i"'C fo r 00 
mi' utes AP a :t v tie^ wem determir ed by jsmg an A- 
as_ay reagent contai'iing p -niropMtmyi p-iOcchate. in- 
creases ir AF rXhvries. and n«nce iigand-receo:o r bma- 



Resuits 

SPARC Expression is Down- Regulated in 
Ovarian Cancer 

Using Northern ami Wester- blotting, we na/e previously 
si own that 0PA3C .s highly expressed in HOSE cells im 
express or s reduced m i <w - m cance^ :el ! l-^es am- 
tissues 14 Rt cen! s:ec:ies e>:amii"iii-g the imniunoreactivi:\ 
cf SPARC in cvasan turner tissues revealed ditf£:renr 
pattern:: 0 t SPARC expression '■■ inv^siioa:e t^e 

ir,;; oniis'er t oa:te ,f ' :! SFARO; ce-eyuiat:' in Owtmm 
caaccs wr. tia.e portomnca mnm jnos^ainrg lor SPARC 
pro:em uS' r aj a DOiyclo^a SPARC antibc jy ..r-5- A - cr 111 
paraftir-e'Tibed:Jed c^/anan t ssee samoles Ccrsoten- 
w 'h oar RNA ar.d [vote r data. ' ; strong eomurioreaohvsy 
w m a n : gh mean weighted score cf 1 1 5 ' 13 vyas munc 
;ri me su'lbce ep n^hal oe s cf at! of the 20 rorrna 
ovaries examined ('ace 1} -'osci/e staining appeared 
as dark bmwn grarules spreading throughout thee cyto- 
plasm (Figure 'a). No stalling was obse'veu in the stro- 
mal eels Stro' g 'mrnurioneachvity as 'ndisate:: ty the 
high mean we ghted scorn f 1 ~ .8 * 2.4, I cole 1 ) vvas also 
cetee'etj m all cf th-;: bengn turners studied The s!ain t -g 
patmm is simiUr tr- t^at cf the rcrmal l -varies, m which 
most o* the suhace efadieha.l cells were pos.tively s^med 
(F-yure 1bj. 

A mcjcao^ o' i r r mcmo^a: tivity wa 1 ; ee' m ine cyto- 
olasrr o* bc-'den ne and invasive serous ca'Cirorna ce Is. 
l-i ill o: The bv'dchre cases e>amined. 50% of the 
rmfa:e ec^ncl-al so s wee staines positive (Figure u : 
Re cvtoplarnis stsra^g aprcartjd a I • rsrswn ;v\:i the 
•mens 0 AdS woake r than mat y normal nvanes a-. a 
benign mmors :cor"'pare Figure 1. a. b. ana c . Aif iough 
oasitive celis we-e aetected r: all o* the to r den re tumcs 
^ • a -ney showed a sgrifisant y I awe*' P ■ 0 Cm 
rrean *e<cj\ ! ed sc t)re (0 8 f 0; o, Tahle V 'Oinade I and 
gmde N mv i^'ve mar ar temcm also shc^ved s g- ; " w , 
oeceased -'ar^r: ,Oi n^d f! Am" S:: m; ... m^- -\ ^> ~ " 
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Figure Z. '. .< v.ili/.Un :n i:t' 'PAKC mimLnore.'-livitv in rnnTi:tl (u,irv la ind b ) JtiJ m.irur, i. jimt <c .11 id d) uvii^ Cit- :m mncU uncnodv AUN-VlM a-* V p,' 
wr.ik j ^ w 1- ohsrrv.-d .:■ 'hi. nurmai "varbn ulidiuni ' Ki In tontri-.', m the undciivint; -.tnim.t <^> ^hot\rd srrnn^ MMKC" inir'.ninort.'.i<:ii\ i:\ b: Tlx- 
vt.nfvni» ui • inuiu' ct* ll> ; .\^ j 1 1 v c r 1 > 1 I"m_-uS aliri lirjhii).; an:igci:-urjn.^kmi? solution H<^v\ci. iIk nuiiul <A,irun t-pit'ie'ul ct-ll> remain tairuly .-Tair.cd cr 
)'<>v [1 \ l- >tJinin^ ^ .1- \een in a tl-^ r .i:x«-r idK .im.. s->ir,r s*Mftt -red strmu! L dls larntws ) Nu iininuii' >:r.K [n i(> o idem in the- \ nuj« >ri;v ut i\in. ^ dt 
tl; Mmir.ji ;c-:i- arrows: -Ix^cJ -:r m>- SPARC -.Limir.^ :iMcr .inri^cn reine \ A. \v:ie!v.^ cur.*. <--t (.v!!.- rvm^n ipn-i..mt'.l ^'O- l':<rs ;j.n; ia .hk' h> 10' uin tt 
mid d> 



2.2 and 1.3 ± 16, respectively (/-' <: 0.05, Table 1). 
Positively stamed epithelial cells were scattered and only 
occasioral y found cata not shown) Two (15%) of the 13 
grade I carcinomas exanrined aid rot show ary positive 
epithelial cells. The lowest mean weighted score (C.9 ± 
j.i , Table 1 ) was fcund in g r ade III invasive tumors. Light 
orow n cytoplasmic staining was only fojnd in scattered 
positive epithelial c-alls (Figure id) No stained eels were 
seen in *3% (3 of 24) of the grade ill invasive tumors 
examined In addition to the norrna : and cancerous ovar- 
ian epithelial cells, we also observed low evels of immu- 
noreaetivity in seaMered stromal cells (Figure 1e) and 
endothelial cells (Figjre 1fj o* high-grade carcinomas. 
No signa 1 was seer when the SPAHC antibocy was incu- 
bated with cur tied olood platelet SPARC prefer before 
applving to the tissue sect o r, s. indicating that tne irrmu- 
nostafn:rgs observed are specific to SPARC. 

As df'erent results were reported using the monoclo- 
nal artinody ACN-5031 for immunch stochermca! studies 
o : paraffin-embedded ovarian can:er tissues. 1Jv ' we 
nave aise imr unostained some o l the para'fin sectors to 



invest gate whether sirnha r observation can be obtained 
using this antibody. Because using high concentrators 
( >5.4 /i.g/mt) of AON-5031 for immunostainmg have been 
reported to result in ubiquitous staining throughout tne 
svary, 1/ we used a lower concentration (1 /xg/ml) of tne 
antibedy in this study. Inconsistent with cu r r esults ob- 
tained f r om Northern botting. Western blotting, ard im- 
nunostaming not much positive staining was detected in 
the sudace epithelial eel s However, we found strong 
immunoreactivity in the stroma under ying the surface 
epithelium of normal ova r y (Figjre 2a). antigen re- 
trieval, the stroma sigral was intensified, bJt the HOSE 
ceils were still faintly stained [Figure 2o). As tor ovarian 
cancer samples, strong imrrunoreactivity w as seen in 
scattered st r cmal eels. Although a few epithelial cells 
were occasionally stained, no immunosta nmg was evi- 
dent in the vast majority of cancer cells iF gu'e 2. c ard 
d) Nc diffe r enee <o sta-ning pattern //as found in t h ^ 
cancer tissue sections with or without antigen unmasking 
We also did net find notceaole difference in starry 
vvhen C.c /ig.'m o 4 t K e a^.ced> was .,sea 
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Decreased SPARC Secretion in Ovarian 
Cancers 

Because SPARC is a secreted p r otein, i: may affect ovar- 
ian cancer growtn in ar autocrire and/or paracrine man* 
rer. Before we analyzed the levels of SPARC sec r etion in 
normal and malignant ovariar celt fines, we first con- 
firmed our earlier findings by Western blot analysis show- 
ing that SPARC e> cress on is greatly reduced in ovariar 
cancer. As norma 1 - mesotheital ard HCSE cells express 
high eve is of SPARC, it was not detected in the eel 
lysates c f most of tne cancer cell lu es Among them. 
D0V13 has the h gnest SPARC expression levei, followeo 
by CA0V3 and OVCA429 (Figure 3) Based on :he ex- 
press on pattern, we anticipate t'^at SPARC is secreted at 
highe r levels n normal ovarian epitnehal eel s than in 
ovarian cancer cells, Confirming arid estimating the lev- 
els of SPARC secretion by normal ard ma'ignant ovarian 
ce ; ls are important for validatirg our subsequent experi- 
ments in wheh the cells were heated with exogenous 
SPARC. 

Cu ture media from separate cultures of HOSE cells or 
ovar : ar. cancer cells were collected and concentrated. 
Equivalent amcurts of oroteins were 'un on polyacryh 
amide gels and aralyzeo by Western clotting. We 'ound 
that the culture med urn ccntaming 10% fetal bovine so 
rum has -24.4 ng/mi of the 43-l-d SPARC protein (Figure 
4;. As expected, high levels of SPARC secretion wore 
seen for primary cell culture HOSL713 (522C ng/m ) and 
immortalized HOSE M 5 cols (2600 ng/ml). Significantly 
redjeco levels of secreted SPARC wex detected to r 
ovarian cancer cell Imcs SKOV3 (33 6 ng/rrl), OVCA420 
(15 3 og,ml) ard CVCA429 (149 ng.'ml). Although still 
mu:h lower than that of HOSE cells. DOV'13 has the 
nignest level cf S D ARC secretion 1 63 1 7 ng/m!) The 
amounts of SPARC secretes by \ie ce I cultures erectly 
•coreiate witn treir SPARC expression levels as detected 
b/ /Western blot anal/Sis cf 'heir tota : eel- lysales (com- 
oa r e Fioure 3 and 4) 



E\ngenous S n APC frhmi's f ne Procters* ior, o* 
Ovarian Cancer Celts 

To rves:ca*e tee ajtocr.e.oa'ac re erects <r SPARC c~ 
crar ce tro.vth. /v~ a.-*- ..l c/v-j H C S E 1 i C a r a 
Ov\3 cciUo- oavs r caitu'e meOk/n c<xt r r ng d"er- 
en* csncertrat ons :f excgenc-js nu nr a r o a*ele T S D AR3 
ar -^on:o r e:l T 0e an^jjnt ;i jcle ceT- a M er r^c^raticr 1 cv 
WT^ assay Tn r esu ! : s r' '':r i*. a-, t :. \ -r c cav 
.v ♦•■her the c'ateel SPARC ;,e used in this s*.uiJ> crooLcts 
tie bame :jr c /v:*i mhibtuv effect as the erdogencL.s 
; ^ ARC syn:h(=£i?ed bv HO' c F cells MTT a^.say she .vpc ma' 
*he rumbe r y viabie H3SF 1-if) eel s oec r eased to -70% 
cf me control wh^n SPARC" was aided \o tne cult. re me- 
d - (Figure uA) As -or SKC'Vo cells, tne number of hvirg 
ce^ls cecreased t. -66% cf the control in fe p r esence ct 5 
MO/ml of SPARC and reduced to - 5-% or the control afte r 
being treated wth 20 ^g/nv d* SPARC (F yj'e 5E) ~he = e 
rev-u ts are sens ctcnt with t r c data cotancd ' r - rr ii-ciJ 
Tcorporaton ELbA. In this assay SKC>V-^ anc HOSE cells 
(n 10 3 cells/ W:W) were m :u bated with different cone en - 
! r a r n:nEi of SPARC r separa'e welis »n a 9G-we I pla'e. Afte r 
ircuoation at 3 y: C f;r 96 h:urs r ttie cells were labeled wi'ti 
tne pyrimidme anaogue B^dU :o' 6 hojrs. DMA synthess 
was moriri-ea based cn tr.e incorporation o> BclU into 
DfjA, which is defected by :mmiuncassay Celiuia r p r ol fer- 
ati?n of both HC ; SE eels and SKOV3 cells was r educed 
when treated with increase y ar no jots of SPARC (Figure 6). 
as r dicated by the decrease ir aosorbance at 370 rm Tne 
innbit.ry effect if SPARC on SKOV3 cells is obviously 
grater than that *>n HOSE eel is Moreover, the ove r ali BrdU 
in.-orporaron is ess in W'SE eels than n SKOV3 cells, 
prooably tecajr : r.; i;f the s ower grov\1h rate of the normal 
ov^nan epithelial cel'-s. Si f nlar ant'p r o!iferat ve activity :f 
SPARC was also absolved for arother two ovacar, chancer 
oei ! :mes OVCA4-I-3 ana Do'V13 (sato net sha.vn). 



SPARC Induces Apoptosis >n Ovarian Cancer 
Cells 

Studies on transgenic ar d f-nooout m ce have provised 
di*ect evirJence that the d vupt r-n o' apoptotic pathways 
n cells can lead tc tjmor deveiooment. To mvestigate the 
"'■ L ohanisr-(s) that dhves 'he antitomo r act'vioes of 
SPARC n ovanan cancr-r «;e s. we h.ava e'ammed 
wither SPARC can nduce apoptosis in SKOV3 and 
HOSE eels Induct on ot apoptosis a f ter ocger.cus 
Sf-^RC treatment was e-jmired jsmo the in situ oal ! 
coath de r coticn IUNEU assay ano cell deatn detection 
EL SA (Roche Molecular Biocnemraais; 

n the fJNE- assay. St* OV3 cells d ur cells/weir, 
were incubated w.:h deferent amounts of SPARC at 37 : C 
ir 3-wel chamber sliaes fc r 48 ^eurs. After inojbation. 
DNA strand breaks m the eel; induced by a oo ptosis 
were detecteo t y labeling the f r ee 3'-Oh OTJA enos with 
f ii-yesce<n-l-hHed nucleotides using terminal deox^ru- 
c -otidy 1 fansfp^ase For comparison, ceil nucei were 
aiso standi w.tf- CAFI mgard ec^ of the apoptotic status 
cf the ce = [■ cj^ais wee wsua -zed jcoe r *Lo r esccr 
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microscope. Our results showed that jntrea*ed SK0V3 
cells exhibit very !cw levels ot spontaneous apoptr-sis 
■requerviy observed in cu*ured eei's, which are ba r ely 
visible in 'he ";gu r e iF gjre 7A). vVher" tney we r e treated 
wrn 1 /.ig.rnl o* blood plate ei SPARC, mere apophysis 
was ae'ectec (Figure /C). ncreascd armums ct DNA 
strana breaks after trea;irg SH CV3 cel=s w th n m^t-I ot 
SPARC were mdcated by T ne irc r ease m, njnbe r ana 
labeling intensity of tne nuclei (Figure 7E). C el nuclei 
stamea with DAPI were detered as blue do:? r all as- 
says (Figure 7 ; B, D r and F). To ceany demonstrate tne 
apoptotic effects cl SPARC, we have selectee area- on 
tne sudes in which iro r e apoptotic cells were :ong ne- 
gated The estimated numbers cf apocictic Sh CV3 cells 
delected after treat-ng with S~ARC were --50 to 60C of 
the entire eel! population e <am f ied. Our resuhs shewed 
tha* SPARC induces apeptos s in ovanan i;ani_er cells. 

To determine + he apoptot c effecs of SPARC on H03F 
:e Is, ce ; l deat^- detection ELIGA wns used a?; a sensitive 
and quanritative assay for celecing DNA fragmentation. 
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i sa>. : - • :y - : .i-o r. . 

' :.sa^ :r ;p j 't . v -ates as,a,c:i • 
'i '. i vt'.;.. a:ea C V J^ 4 np.:" or*: <^'C": 
: rr e:> :'X' r caK» in DNA 'rag r "en'a:i 

.". . 'he : f " , - 'i ; s:.r :.;,;:r t cX -i f: I'T . 

+ re -e^.hs ::hta-eJ f-r- TUhEL assa,- 
: *i •V.--J m-'e^F ■ i ON^ '•<:•;'• t.- r .\ - 

^reas rr; :n • p nf S P 'APC • r g n- 5B 
.vtn 1 m 1 if SFAPC. a .eve! r uri h 
secreted o y :. .arian cancer cei s Cee :: >c 
■z^Ws snowed i s gn v;an' increase r r :hj." 
wt^en c cmc'dred to :hc ur treated c-ontrc/ i 
o* 5 jug/ml ol ':PAFv^, a concenfat' :>n clos 
r:ngo Dt SPARC secret cn by \y r r , H- 
Fi^u r e 4), UNA tragmcnta'jon is 3i> t mes 
jt tne connc! iFiga r e 8B). On tn,e c jnt^ar 1 , 
mirear.e m DNA fragmentation vvjs 
H-DSEi-1^ a- Is were tneated ,vi:n ncreas 
S^APC: (Fgj r e 8A;. tJo apop-ctic effect 
ever a'ter HC'SE ceils had oeen ncubatei. 
ji SPARC iPqu'e eA.. wh oh s much hi 
'n.rm,al amojnts o: SPARC secretin (see 
ous e>.len[s < t Sf 3 ARC -incuced apcptosi; 
tecteo n t:c ciue r ovarian carn:er eel 
OVCA3 ai d CVCA429 {ciata 1 
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. pc s gnificar ■ 
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mg amounts cl 
w3s ocse r ved 
.1 with 20 jug/ml 
gner than tneir 
Figure 4 ) Var- 
; i we-e also ce- 
lines D0V 1 3 
•ie k 'OW'~ : 



SPARC Binds to Norma! and Cancerous 
Ovarian Cell Surface 

Tne antiproliferative ef'eo:s of SPARC on t -r»vme aortic 
endotne iai cells nave been suggested to depend, in 
part, on signal transduction via a 3 prcteir: -coupled re- 
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coptor Together w t^c res'j ts we obtainca Vorr: *.hc \vhcthc r fao urticroiifcr^ivc a^c apoptolc effects of 
treatment of HOSE one ovarian cancer cells with e<cqo SPAhC o r ~ nvanan coil:, are also ^ediatee :h r oucp 3 co'l 
noes human trooc clatelet SPARC. v\e so jah f c f r d oo' 
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Figure H. I Ir'hvhun of apoph »m ■ in spAM .-rrt-.Ur ;i H( )M ; cell- i r n 1 SK( A '< 
it-IU A q t i.inli:..:ue H.isA 'h.it le:e^K rv< <[■.:>- .iild :ili^t-mn li-'^'iiu's w . v 
j-.t-J to i >av the v.-hi'.c cell K'^iU's prepared in »m HO^Hl 1^ .elS At and 
■ .f-!.^ iB tre-afed \v;:h d lie-rent j:l\((um> ot ev:^eno'.i> M AKC In 
.re.oe i:i .i". >pr(i.M\ j> mottled S\ ihc inerca^e in ao-,orh ir. v c .it -t nm 
I t'l t.' [ e i .i i ' w \ cit'i iy [ 1 1 H L ''J :i:n M J AR'.. ck\toeh in.dn.e-i d\* ipiuMi in 
)"\ -> v t l> v uii no' in HOSL Lells The ; alut"- \vu ;nc - \ e mean-- jl Sh.\| 
bars lit lup ; iv iv -reavirenim'v n r\\ i in< It pr^dr-nt expiT cmh 

To examine whether putative SPARC receptors are 
present on ovarian cells, a secretcry tus-on oroten con 
taming full length human SPARC ano a themostacle 
human placental A. = was maae using a human emory- 
cnic kidney eel lire (293T). As a negat-ve control, 
culture medium containing high levels of secreted AF 
protein was also p r epa r ed from, a 293T/oAPtag-4 sta- 
tic ce-i line. Receptor binding assays us ng AP and 
SPARC-AP proteins 'evealea that putative S D ARC re- 
ceptors are present on both HOSE ceils and ovarian 
cance' ee ls (Figure 9). The AP activities detected 
when the cells were incubated with the control AP 
prote n aie probably because ol nonspecific binding of 
AP to cell surfaces and/or incomplete denaturatior of 
the endogenous AP activites ! n 'he cells Our resu ts 
showed that in addition to the higher levels of SPARC 
express on. HOSE cells also have much more putative 
SPARC recectors on their cell su'faces (Figure 9). 

Discussion 

Using arbitrarily designee primers to generate differertiai 
RNA fingerprints from normal HOSE and ovarian carci- 
noma cells, we previously showed that SPARC is down- 
regulated in ovarian cancer. 2S S*able transfectants of 
ovarian cancer cells expressing high levels o s SPARC 
grow slower and have greatly redjeed ability to induce 
tumor f o'mat cn in nude Tvce.'* 1 Nevertheless, the under- 
lying mechanism! s) of these tumor-sunpressmg activities 
of SPARC is still unknown. Recent studies e>amining the 
immunoreactivity o* SPARC in ovarian caoce r tissues 
showed increased SPARC expression m ovarian can- 
cer, 1 " 1; which are different f r om cur earlier hrd.ng. To 
investigate this inconsistent pattern of SPARC deregua- 
ton m Dvanan caoce r we stucied a large r umber o* 
ovar an tumor t'ssues of different grades and stages by 
immunoh-stochem-stry using a rabbit oolyclona! antibody 
to SPARC . This antibody, LF-54, has been *es^eo to con- 
f rm its specificity and r eactivity to bovne and human 
SPARC r " Our results revealed strong cytoplasmic mmu- 
nceactivtv h the surface ep thecal cells of humar nor- 




HOSEM5 SKOV3 OVCA420 OVCA433 



Cell Lines 

Figure 9. i ell surtaee reeeptor Dindin^ jns.i\- of HG^F .elN and :n .-.m 
earner (.ellv A vecrvuo v'.MU \P luMon pn-fem u-nM-s of luun. in SI'APi' 
..ih! a [lie-noVahle hi. nan phuvntal alkaline pln»phata>e i AP > \v..- ,m A I • ■ 
ex..ni.ric ttie p esenee ol putative SPAIKt rcreeptoo in ovarian, .el- \> 
iatk>;i\iur.d nuHiul. a .-euriou AT proiem pn xdun-'J In the l l )\T pAI 1 :..^ i 
Mable eeil line \va> ,ilso u>ed .n di;> <".<_■! Is in. untied wnh 1. 1 lti-e 

'Hcili'irTi toni.nninv; ^l'AK( -Ai' or A)' poit-ir.s Aerf , A;is:ir'il iv-f». .- I 
.. ■v.r.'ed (■ r AI' . i- I e. i'if" l:u n-.iN,' , r . IilmmJ Inr.din^j i-. i:", J . .dv<.: 
itieiv.. ni \V .n'lAiU. Ineii i.- ejuanulit-d b\ rntM--ufi(i^ ..I »-a jrb.n n e lie i 11 ^ 
nm. H(..)-Li If tells ^ ( . I l;igh. U\^\, ol huulmj;. whaca> I k- diree 
nvjrLn , (,-i^cr .ell i. :■<.'. '-tuued li.ive k--'. hindir.u t * ■ the SPAHC-M 1 [<\>i>m 
p r < 'E^ii ; 

na : ovaries and benign epithelial tumors, which s pro- 
gressively decreased ir borde' ine epthelial tumors, and 
is s ! gnncantly reduced or absent in mvasve ovarian 
epithelial cancers 1ms strong ovect correlation indicates 
that rcp r e35ior ot SPARC exp r essicn important n 
ion cancer development. 

The strong immuno r eacttvity of SPARC in the germinal 
epithel um of normal ovary suggests that SPARC is im- 
portant in ma ntainirg the normal functions cf ovar an 
surface epithelial cells. Its hign expression in normal 
ovarian epithe ial ceils has also been detecteo by immu- 
nostaining using a monoclona antibody, mAc SSP2, 
agains f a Ca L> '-binding region of murine SPARC. 16 Al- 
though SPARC was reported lo be cetected h 3 o*' 10 
cases of ovarian carcinomas examined in that study, no 
comparison of SPARC immunoreactivity of normal ovar- 
ian eel's to that ot benign, borderline or invasive ovana^ 
tumor was described. Our results presenter here 
showed that although SPARC can stll be detected n 
ovarian cancers, its expression is significant y down- 'em- 
ulated m high-grade ovarian cancers. The levels ct ex- 
pression are actuaily inversely cor r e:G*ed with the dcq r c -C' 
of mai gnarcy. 

In contrast to ou f findings, a recent study reported mt 
SPARC car be detected in ovarian adenocarcinoma but 
not in ovarian surface epithelial cells by imrnunostaining 
jsmg a mcnc'Clona antibody generated against tlie N- 
;e'mmai -egicn of bovine S-ARC CAON-5031 ) 17 Because 
SPARC: expre^S'Li t .< • . nut oe deter/ei'i in the :vv ■ i-- 
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eance r tissues by if: v!u nybr u zatio r < the :u' r spec- 
. a:ed fa: the S-'AR'I -'acne in cance' ::e s m.grt ce 
cncmateo 'rem sfo^ai cel : s as stroma! ce^ s cvanan 
eaoce r s nave beer srow^ r o express 5PAFC (Pure r et 
a.,'* Browr or a; ' " anc t s study). -Mt^ougn ! rvs hypcth- 
esis is irtccstirg. it rema rs coss.c c that the dffererces 
in SPARC mmuncreac* v>ty cbse r veo anc cecause of *he 
use of ooffe'ert antibodies and staging procedures 'ms 
ts aeii illustrated by cur mmuncstainhg r es^ts usmg ia'O 
rir'erent antibodies t r .at shewed distinctive patterns cf 
SPARC irnnoirorcastivity in ovarian tissues (compare 
Figures 1 a r d ,?)■ Although the rnrrra ovanan epithelium 
was strongly staried l v LF-5A it was weak y sta nea with 
AON-5031. To the contrary, strong rnnuno r eactMty was 
seen in the stroma o* normal ovares stainec with ACN- 
5021 bjt net in the sections stained with LF-54 ir ovar- 
ian cancers SPARC immunostahmg was evident in f he 
stromal coils, out rarely noted in the cancer cells witr 
botn the antibodies This observation for ovarian tumor 
tissues ag r ees well with that previously repcted by Pa ey 
anc oolleagues 1 ' Based on these tmdings, the poly- 
clonal antibody LF-54 might ce more soeofic in human 
SPARC imrnj no staining. The immunoh stochemcal data 
we obtained w th r are summar /ed in Table 1 , wn ch a'e 
consistent with our published resets *'rom Northern and 
Western blotting M 

The biological ''unctions of SPARC seem to be variable 
in human canuers. D«tferent turners exhibit (different pat- 
terns of SPARC e<p r e>sion. High evels of S D ARC have 
been detected in several human cance-s ncludng rr.e>- 
ancma,' 9 breast cancer, 20 colorec r al career, oC heoatc- 
cellular carcinoma," 1 ' invasive meningioma, 32 and oros- 
tate cancer. 3:1 Moreover, it has been reported that 
SPARC promotes cell migration and invasion in crostate 
cancer and glioblastoma. 343 " Suppression of SPARC e>- 
pression by antisense RNA resui's ir i a Significant de- 
crease in the tumongenicity cf melanoma cells/ 16 in com 
toast, no SPARC e>nression was found in chondro- 
sarcoma, Ewing's sarcoma, fibrosarcoma, malignant f- 
Lircus histiocytoma, and brown Tumor from h y per parathy- 
roid srn 3T Decreased SPARC expression nas also bee^ 
fou^d n ovaran cancer. 14 Additional evidence showing 
the tumor-suppressing activity of SPARC came from the 
studies of cu'tured cells Significant down-regulation of 
SPARC was demonstrated in vSrc -transformed ehicker 
embryo fib r oblast3 p 3& c-Jumtrarstomned primary rat em- 
bryo fibroblasts, 39 and Ha-Ras-. v-Abl-. v-Src-, or Ki-Ras- 
transfcrmed rodent tibroolasts. 39 42 A r eccrt study has 
also shown that SPARC strongly nhibts the g r owth of 
vJun-m1 ard v-Src-ransformed chicken embryo fibre 
blasts 4 ' As aifferent tumors a'e probably develooec 
tnrough different mjltistep carcrogenic oathways rese 
f nd ngs suggested that SPARC might play a tissue-spe- 
cific role in cancer development 

T i9 recent characterization of ancthc SPARC-like 
cou'Ueradhesive extracellular matrix protein called 
Hevin/VIAST9 farther uemenstoates the puss ble turner - 
suppressing activities of matncEl ua r proteins n human 
carcinogenesis. Hevir was founc to be down-reguiated 
:n metastatic pros'ate adenocarcinoma and non-small 
ce n ijna cancer 1 ,l SPA^C and Hevin are 62% iderti- 



cu f i segue' ■ice ar d are r g r > ' c ' m. I . g . .> s n fe S^-*R '2 
cco-rg 'eye"' S r n a' 'o SPARC. Hev r s also a eo- 
cetec ac a : cyste r r-' calou~-o ".c i g gJyc cpr cte r 
and r as bee^ show" to i n nf eel attacn^ert ana 
op'eaarac 1 "" "r.e t'racce c- t^ese SPARC- he p" 
T e rc <n cvar a" oncogenesis renriams to ce e uc ca*e a 

" r r~e anticoii'cat'v'O activ V ::t S p APC has bee r ' dem- 
enstrated n encotheiia cells G r cw1't ct njrma^ e^oic^e- 
iiai ceils is inh cited w ien ;uitured wtf- mediur- ccrd- 
torea cy endothe ioma eel s that secrete high eveis o f 
'■P^FC 22 Exogenous S~ J ARS nas a^so been showr to 
■-upr^ss DNA syntnes s ir bovine aor*i: e-~c:o" - -\ :e s 
ani.i -.ijman microvascular endothelial eel s stimulated h/ 
;-aiCular endothelial qf:»wth 'actor J64/ Tne SPARC Co- 
i"*iai r IV that contains uu FF-fiar-d-l^e loop and r as a 
t itgti-af ; in tv Ca^" f -0 ric r-g ! s sutf^uer't tor the :l - 
lerved grcwlh inhiDitcy furct oris. 33 "''tie ant pro 1 feranve 
activity of SPARC was '.rther ii-ustrated oy a recent s tu:]/ 
chow ng that tne mesangol eel s, : D'cb^sts ana srr ootn 
■ncscio cc Is isoated from SPARC-n^.i m cc grew f.istcr 
"han their respective \vi d-tyoc courto r pnr:s. t9 Dcsp fr c an 
*hesc i fmcngs, no 1irc:t evidence is avaiable ..h /.m; 
the antic rolrerative effects o* SPAF ; .C cy cancer . ^Lc 
ilere we show that exogenous S n ARC can reduce the 
oroli'eraticr of both \ fOSE one ovar-an cancer ce' s n a 
' one ertrat on -dependent m-irner As H'DSE "e ; s se- 
: rete high evels cr SPARC, me paraenne ano/or auto- 
:rme annpro iterative activities c* S p ARf may play an 
important lole in the p ecise regulation of romr-al hC-SE 
;.e: g'owth Dim n shed SPARC e\p r essicn in ovarian 
:ance r cells, togethe r with other oncogenic factars, nay 
lead \) uncontroled cell growth and cancer Develop- 
ment 

Accent advances m bas e car.cer resea r ch nave es- 
tablis r ed that human jancors are t n e results ct ccegu 
tat on of rot only the tactorc t^at conTo< cciulcr pre I 'or- 
ation and drferentiatior- b^t also troso that nf uer'.ce 
apoptosis 1E * As a pcssiole mecnan sm that contneutes to 
tne antitjmo r activities of SPARC, we re-resented oere 
direc* evidence that S^AFC could rduce apoptosis 'n 
ovarian cancer cells, out not HOSF ceils. HOSE cells, 
which secrete high levels of SPARC, seem to have some 
mechanisms that protect memsetves fnm + he apopt-tr. 
activites of SPARC T'is t'ypottiess is sjpported r-y a 
recent study snowing that apoptosis can be inhibited in 
HOSE eel s by the up-regiJatio^ of insulin-like grewth 
f actor- 1, as mediated by lute nizing horrrione/hurnar cho- 
rionic gonadotrcpn signal ng.^ Follide-stimjla^ng nor- 
monc and humar choncnic gcnadotr:p ^ can both sim- 
ulate HOSE ceil p^iiferaticn, but not SHCV3 c - I c : ' As 
bom toll-cle-stimulating hormone ona luteinizing norm one 
recep'ors are h ghly oppressed r, HC'SE eel's, tuey were 
not detected ir the gonadct r ODin inscns'tivc SKC'V'j 
ce'ls A recent s'udy has a so reported that whs'cas 
HOSE cells show consis-e" express c n of luteinizing nor 
mone receptors, ovaran cancers e>hiot a steady de- 
cease n ; iTi r ?' - ') hcrmcne re:eo*o r express -on ' r cm 
low-grade to high-grade cancer.' ' 

As the yroA'th r ates of co f h HOSF ceils a^d ovanar 
cance r ceils were reduceo by SPARC our v n -gc : -^ r 
gest tt at district s gna tMriSJuoton (jath^ays are :: 
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*: ~eaa:e 'ae - ; atao . ^ r at ,e a ,_ a acoctn: a exec's of 
' f'APC Go ar-^ " r -e$^: = : f ; it aey 

. ] T ' a r s e- * v v gye r s go * . - - * r : r ea-,-: o* in*/acs - 
■Jd r 3 c' ' ieves* .'- j. aaaa car ae r cAls. b-* f at r HO BE 
■. e lb ' an. a: r ig ' ad -ae ^oap\ : c at'v, ^ i d j . - j . 
:'PARC fT . 1 oa _ .iL -decu deat I' -a j • .. r n '* n- 

■ ocl y r - j vtdied vi jt fie e*uebSiC i u' -r. uro-ac :-pt;aa 
; t \ 'i we :i i'lc: j-..ed l r s a/'if Lav tiy • : re..i.-^a f S-'- R I - 
"eat-:: St*Cv3 sei s ait aa; HCSF eA ; ;o.a .• : - 

s-"ie«.1 data; 'Ae r yr arnesize that a then go aawn- r e:ri a- 
' an f S-A-C a ovarian -nsnce r a- a rray fiot pa :re~t y 
'^oUea r or coyer ie a--,, t is c : L-eAata o' K er en: ;yeme 
*.'atnwa>s *^at anve fne ■jeveiepn -a t cf : v aar;n rfroe*" 
r-iepres sicr c : 3" ARC e- pressor nia/ La caseatal to 
taoi rata a /anon t jrr odgeneso a: c ancc r :e!;> arc gc- 
aiiacd'eUe iooptot < '.d*e;ts ot t -ARC I -as <: ai -rap* s 
:upf area r: y the study 3 having :h at I a vv leu: Is ai cFAHC 

> press on n v J-.r r- ■ .ind v Sr.. tear shamed chicken 

moryc r c 'onlast J CwC t near nduotcr 0" Real, pr.rrary 
hbronarco r n:a; ador be-no subsutareeusly n eetea no 
(ne o.'ing web o ; c hie* en " : " 

R- : -;tiri'jr aornatives sach as <: sola* in are rojanel/ 
.,sed m the shea ota-racy of -jVcV aa epmeM career. 
Scudos or o splaanaeareaat ovarian ear ear c ai - re- 
.eden th : it rr e observe d ch-WTio'-: aisra'"ce rrnoh* he 

ai./:o:J !ae e> pres> ) ui an .--p'. f i'o .- i s irjprab':.u' 
p r atein -.r'uvM] as X-lal-ed irhihttar ::f apo«p-roa is p'orcn 
( Xiai. ) :> "' C afdata* ind./> j S a; a; :pa _ - a r « ;isp ati."i-se >".i- 
'■va, r-.it r nt nisplatin-T-s-saHnt .:ela .ay dr'^aaasma <.- - 3p 
i"->f raasor : '" Al'honga i! has yet to ha artfrrrnirir-n r r a 
ipaptotia aMecr of SPARC on 3KOV3 ce-a a .^Uoly 
mediated lay *he Jovvn-regui.ation of x eip bacaui.e 
3KOV3 :;ei"j have n^ c c .2 mutation, t aas t>:or. -hawn 
'^ia; dacreased Xiap e-c-tessio" ca'j'd n^-r nauce ac-o- 
o:oe. s in 3^>DV3 elia t)-.aaiise Xiai.- ciavn r^gu ati«-ia f g- 
■j£-r5i aooptosis onl> m ^-vanar"' car -ae r ccia r t r nrj;a 
>vild-tyF;a pfi-3 bat not in -he cc-ia w ta r o a- rr jtat/-:i f.a.'3 
oroto,n: ;J 

l h o ar:'Oroliferatvo jad ap-nptotia ^*f»-;:t:; <:f e>oge- 
aoj£ SPARC: on ovarian cancer colls indicate tho pres- 
ence of coll surface reoeoto r s tor SPA--C Tma n-.-.tion is 
iuppcried by the results ubtairad 'rorn itudviag the me- 

0. a*c»'a trr.jijgh, whicn e<r->genoas S'ARC ^<er*^ ir^ coun- 
teradresive and ant pro iterative effects on »; r.dotnelia! 
<:e-s Pretreadrg sndcrelial c^l s with p r Mtei" tvrosir.e 
Mnate inh biers protected the" a:_:ains l^e rv irjitory 
effec c-f SPARC un c e ! l spreading. Mo-ejvei, nair.: *ior nf 

1. eli c/cle r»rogresyioa S C ARC on these ;:ei =, was 
tou'"'d tc be rt?versib : a by Seating *he^a ^itr nlibiTors tor 
)r-f-\--trtr\r r f. r - z q pr l ->tem c . sarh aa pertass^s 'j-m ai^d 
i" r .i:iHri *cia'' J Our p-eiim n^r/ oa*a also shr^v-'d t k ■ at 
L r -oltra to<r (1 p,g/'rnl) can reverse tie gr;.'/dh T- h abatc^y 
rr ; *e-;: of SPARC ty 405° rcaaaa.; the >.r va ve-i; n* a ( 
G p r s'ein in SPARC 3iyna >ng in ovarian cc t>, (o^ jnocb- 
hsaed datra I a cute, no 'Or r th: pjtarivo SPARC -cccp 

■ jr r.;,f the i r tracoiia ar si.rxnnr; path/;ay(:n triggf-rad by 
IrPaRC has :een dentified 

Uaaig a h,s c-r or ctcan con'.a r> ny aPARi'; ,v a hca-an 
plasenaa! A^ we present*: a ne'e the '-rst oi r ect ovderoe 
Uiat SPARC b rids to pu* at.ve SPARC 'eaeptcrs :n the 
ce' a./ ; v r s of HCSF .a.o ' . a r ar oa^ce- ce'C ^h'-s 
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s oe-' j .. ■ ■ a ta ; . . * j , . 
■ - a > - ':a h • • I ' ..• r. 
a:: * 'a ' M e dc/.'iaea u -ca r_ 
a r ar :a r ae r aels f avc .'. t - e;- 
:aan ^CSE -:e s T --e b • aaa J 



: f -R . f 'j its rec.ra - , be •• a . : - ec .a aa a 
'. c T a ef f esti. »• a "i - ! iaa^d-'o:cptor r ^e r - 

v' • •. ■ r • . if r •• „• r .• ^ - -a va , - j- 
a ■ • ■ ' i t V ■ k ' sic' r • -.• .1 , nv ; . -.. 
^^ea, id S :: ARC arodjce.i 0/ t r e ad)^e r C sla. ^ d Ctr liS 
A d a H^ap t e ii s more hctvp SPARC 

to IT is paabaoly caused by tae c^sanatve aaar- 
st'eam ag^aliag event; tr.gge^ed o; the hinxay :1 
S D ARa * i*:, receptor a;, cancer oe'^s face u d-. a.-' • 
■ : jrrercLS yanatia chary-'S au-'^g "aaaa:]eness 

In ta s ncdy i ao snov/oJ that oogonojs SPARC csl- :: 
f c^aaL (: ns' 'cra' cn an:: r-du ":a at^octaaa t. ovn r a^ car 
asr co Is Avouch c . at rat sqnaiinq cathvvavo aiav m»: 
:: ate these te r no r suppreasiro effects, they pr; bably a r a- 
cepensv'- cn toe hinai g ot SPARC f o its ecl su^ace 
aacepr ;]r ijov.n-regc atior o f SPARC :indCr S-PARC re- 
:ept'j' .r (a;a ri ar cancer : el!a vai aecrease ar d it.iorr^Lt 
no^-af SPARC iigano-recector interaaton, which in ta"- 
Hfteats tl e dC'vvnsrrearn a:gnaiing events that arc mpot- 
Urt lor l ■„ r Offli ne] tfie yr jwtt and di f fe'er'tia:io'i cf dOSa 
:alls laaaactiori of S^ARC ana its paaahvo re-coptoo r 
• *.aai f ;.i ta die variaus .":as*:rans'at:onal n-odaiaatian -:f 
SPAF^a *ray also contnajte tc tae tissae- ana cei-soe- 
afic nil calajr.ctcns :a SPARC in di1 : eaant ronrai ar a 
cancero js cells. 
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The Effects of Particulate 
Wear Debris, Cytokines, and 
Growth Factors on the 
Functions of MG-63 Osteoblasts 

By Csaha Vermes, MU Raman Chan d ra s e k a ra n , PhD, Joshl'a |. Jaljbs MD, Jorge O. Gaeante, MD, DMSc, 
Kenneth a. Roebuck, PhD, and Tibor T. Geant, MD, PhD 

Investigation performed at Rusk Presbyterian St. Luke's Medical Center, Chicago, Illinois 



Background: Particle-challenged cells release cytokines, chemokines, and eicosanoids, which contribute to 
periprosthetic osteolysis. The particle-induced activation of macrophages and monocytes has been extensively 
studied, but only limited information is available on the response of osteoblasts to particulate wear aebris. This 
study examines the effects of particulate wear debris, proinflammatory cytokines, and growth factors on osteo- 
blast functions. 

Methods: MG-63 osteoblasts were treated with metal particles (titanium, titanium alloy, and chromium ortho- 
phosphate) or polymeric particles (polyethylene and polystyrene) of phagocytosable sizes or were treated with 
exogenous cytokines and growth factors. The kinetics of particle phagocytosis and the number of engulfed 
particles were assessed with use of fluoresceinated particles. Cell proliferation was determined according to [ 3 H]- 
thymidine incorporation, and cell viability was determined by either fluorescein diacetate uptake or trypan blue 
exclusion. Expressions of osteoblast-specific genes were quantified with Northern blot hybridization, and the 
secretions of osteoblast-specific proteins and cytokines were analyzed by enzyme-linked immunosorbent assays. 
Results: MG-63 osteoblasts phagocytosed particles and became saturated after twenty-four hours. A maximum of 
forty to sixty particles per cell were phagocytosed. Each type of particle significantly suppressed procollagen al[l] 
gene expression (p < 0.05), whereas other osteoblast-specific genes (osteonectin, osteocalcin, and alkaline phos- 
phatase) did not show significant changes. Particle-stimulated osteoblasts released interleukin-6 (p < 0.05) and 
a smaller amount of transforming growth factor-($l. Particles reduced cell proliferation in a dose-dependent man- 
ner without affecting cell viability (p < 0.05). Exogenous tumor necrosis factor-a also enhanced the release of 
interleukin-6 (p < 0.01) and transforming growth factor-jil (p < 0.05), whereas the secretion of transforming growth 
factor-pi was increased by insulin-like growth factor-l and prostaglandin E2 as well. Insulin-like growth factor! and 
transforming growth factor-fil significantly increased procollagen al[l] gene expression in osteoblasts (p < 0.05), 
while tumor necrosis factor-a and prostaglandin E2 significantly suppressed procollagen al[l] gene expression (p < 
0.01). In contrast, neither exogenous nor endogenous interleukin-6 had any effect on other cytokine secretion, on 
proliferation, or on procollagen al[l] gene expression. The transcription inhibitor actinomycin D reduced both pro- 
collagen al[l] transcription and interleukin-6 production. Inhibitors of protein synthesis (cyclohexamide) and intra- 
cellular protein transport (brefeldin A and monensin) blocked the release of interleukin-6, but none of these 
compounds influenced the suppressive effect of titanium on procollagen al[l] gene expression. 
Conclusions: MG-63 osteoblasts phagocytose particulate wear debris, and this process induces interleukin-6 pro- 
duction and suppresses type-l collagen synthesis. Osteoblast-derived interleukin-6 may induce osteoclast differ 
entiation and/or activation, but the resorbed bone cannot be replaced by new bone because of diminished 
osteoblast function (reduced type-l collagen synthesis). Exogenous cytokines (tumor necrosis factor-a and inter- 
leukin-ip), growth factors (insulin-like growth factor-l and transforming growth factor-fJl), and prostaglandin E2 
can modify particulate-induced alterations of osteoblast functions. 

Clinical Relevance: Altered osteoblast functions probably contribute to the progression of periprosthetic osteoly- 
sis. Suppressed osteoblast functions, however, could be compensated for by certain growth factors, such as 
insulin-iike growth factor-l or transforming growth factor-fil. These growth factors, if delivered locally, may have 
therapeutic potential to prevent or reverse periprosthetic osteolysis. 
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Periprosthetic osteolysis i> a rruiior Jin^ai pro'nlem tlu:t 
may jeopardize the long-term success of total joint 
arthroplasty \ In penprosthetic osteolysis, a granulo- 
matous tissue of fibroblasts, macrophages, and foreign-body 
giant cells develops at the interface of the bone and prosthesis 
or of the bone and bone cement All cell types of this in- 
terfacial tissue contain wear debris from prosthetic compo- 
nents' \ and particle phagocytosis is a central event in the 
pathogenesis of periprosthetic osteolysis 1 ' \ , 

Phagocytosis is a nonspeciric defense mechanism for the 
elimination oi tissue debris, bacteria, and foreign particles. The ; 
phagocytic process requires the opsonization of particles and 
a protein coat on the surface of particles that bind to phago- 
cytosis receptors (such as Fey receptors, complement or man- 
nose receptors, and pi integrins). This interaction activates 
intracellular signaling pathways that lead to cytoskeletal reor- 
ganization, pseudopod formation, and the ingestion of the i 
particles 1 '". This phagocytosis- induced signaling process may 
simultaneously result in the upregulation or downrcgulation of ! 
a number of genes through the action of various nuclear tran- 
scription factors 92: However, the normal phagocytic process 
may be altered when tissue macrophages or other cells are con- 
tinuously exposed to nondegradable wear debris. 

The phagocytosis of particulate wear debris stimulates 
macrophages/monocytes to secrete mediators of bone re- j 
sorption such as eicosanoids, interleukin- 1 (IL-1), tumor 
necrosis factor-alpha (TNF a), and interleukin-6 (IL-6) in j 
vitro :| - 4 " t "*'. Theie compounds have also been shown to 
be present in periprosthetic soft tissue in viVo & n,3c . 

Osteoblasts also phagocytose particles. This process up- 
regulates the release of cytokines 1 * and prostaglandin E2" : , in- 
ducing bone loss through osteoclast activation. In addition, 
particle-stimulated osteoblasts exhibit suppressed procollagen 
cxlT: gene expression followed by reduced type-I collagen ; 
synthesis 1 "'', which may result in decreased formation of bone. | 
Thus, particle-induced altered osteoblast functions may play a 
critical role in pathological bone resorption through both os- j 
teoclast activation and reduced osteoblastic bone formation. 

In previous studies, we identified the upstream signal 
ing events in particle-stimulated osteoblasts 2 ' that ultimately 
led to the suppression of procollagen cxl [I] gene expres- 
sion 1 ''*. Activation of protein tyrosine kinases seems to be the 
earliest cellular event resulting in the activation of nuclear 
transcription factor- kappaB (NF-kB) :i in osteoblasts, and this 
transcription factor was shown to be activated in particle- ! 
challenged human macrophages as well". However, NF-kB is 
a general transcription factor that may suppress procollagen j 
al[I] mRNA :s3: while simultaneously upregulating many other : 
genes, including the genes of proinflammatory cytokines 
such as IL-1, IL-6, and TNF-or 4 in particle-challenged cells. 
Since these mediators are continuously secreted by particle- 
challenged cells, their effects may be crucial in the develop- 
ment of periprosthetic osteolysis by altering osteoblast and 
osteoclast functions. 

We hypothesized that, besides the direct effects of par- 
ticulate wear debris on osteoblasts (increased IL-6 release and : 
suppressed tvpe-I collagen synthesis)* 5 , there is a paracrine ! 



regulation t-t cytukir.ev prostaglandins. a:ul growth future 
which contribute lo bone resorption by alteration of osteo- 
blast functions We investigated this hypothesis by monitoring 
the kinetics of particle phagocytosis in osteoblasts and hv 
determming the titers of proinflammatory cytokines and 
growth factors on osteoblast- specific gene expression, cell pro- 
liferation, and cytokine release. 

Materials and Methods 

Particles 

All metal and polymeric particles used in this study were 
described previously ■ J . Particles of commercially pure tita- 
nium with a ] to 3-jim nominal diameter and chromium or- 
thophosphate (CrPC\ x 4H.O) {mean diameter and standard 
deviation, L42 ± 0.83 urn)"* were purchased from Johnson 
Matthey (Danvers, Massachusetts). Titanium-alloy particles 
(6% aluminum and 4% vanadium ' (Sulzer Metco, Troy Mich- 
igan) were ground from 150 to 300-fim-sized grinding 
particlcs : \ Conventional medical-grade ultra-high molecular 
weight polyethylene (GUR 415; Hoecht-Cclanese, Houston, 
Texas) was pulverized in liquid nitrogen". Particles were sedi- 
rnented and then subjected to filtration. The particles had a 
comparable size distribution, with at least 90% of the particles 
less than 3 urn in diameter. Polystyrene particles (mean diame- 
ter and standard deviation, 1.14 r 0.01 fim ) and polystyrene- 
based fluorescent particles (Fluoresbrite) (mean diameter and 
standard deviation, 0.926 ± 0.027 |im} were purchased from 
Polysciences (Warrington, Pennsylvania J. A 0. 1 % (volume/vol- 
ume) particle suspension contained approximately 2.2 to 6.7 x 
10* particles per milliliter. The particles were sterilized by irra- 
diation with 2.2 megarad (22,000 gray) from a Cs-137 source 
(model 143; LL. Shepherd Irradiator, San Fernando, Califor- 
nia} opsonized in 10% human type-AB serum 1 ' and stored in 
sterile phosphate-buffered saline solution, pH 7.2. Endotoxin 
contamination of particles was excluded by limolus assay 
(E-Toxate; Sigma Chemical, St. Louis, Missouri *. 

Cells and Cell Cultures 

The MG-63 osteoblast cell line was purchased from the Amer- 
ican Type Culture Collection (ATCC, Rockville, Maryland). 
Cells were cultured in monolayer in Dulbecco modified Eagle 
medium (GIBCO, Grand Island, New 7 York) containing 10% fe- 
tal bovine serum (FlyClone Laboratories, Logan, Utah) in a hu- 
midified atmosphere of 5% carbon dioxide in air at 37°C "'' 

Treatment of Cells with Particles, Cytokines, 
and Growth Factors 

Confluent cultures of cells were subjected to serum starva- 
tion (0.3% fetal bovine serum) for twenty-four hours prior 
to treatment, Culture media were then replaced with fresh 
media consisting of 0.3% fetal bovine serum containing parti- 
cles, cytokines, or growth factors. Proliferation and viability 
assays, phagocytosis analysis, and total RKA extraction were 
performed on the cultured cells. Tissue culture media were 
collected at various time-points, centrifuged, filtered through 
a 0.22-|im polycarbonate filter (Spin-x; CoStar, Cambridge, 
Massachusetts!, and stored at -80°C. All of the experiments 
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were performed in duplicate- or triphcate in at least five in- 
dependent experiments 

Reagents were purchased from Calbiochem (La Jolla, 
California) or R and D Systems Minneapolis, Minnesota !. In- 
sulin-like growth factor-I (IGF-F 30ng/ml) and transforming 
growth factor -betal (TGF-pl, 20 pg/ml) were used to stimu- 
late collagen production 1 '' 4 . Tumor necrosis factor-a, 1L-6, 
and IL-lp were added to the cultures at concentrations of 10 
ng/ml, 500 pg/rru\ and 30 pg/ml. Prostaglandin E2 (100 ng/ 
ml) is an eicosanoid that has been shown to regulate collagen 
synthesis'". Actinomycin D (1 (ig/ml) was used to block tran- 
scriptional events, cyclohexamide (35.5 uM) was used to in- 
hibit protein translation and synthesis, brcfeldin A (0.1 uM) 
was used to inhibit the transport of freshly synthesized pro- 
teins from the endoplasmatic reticulum to the Golgi appara- 
tus, monensin ( 1 .5 uM) was used to block the release of newly . 
synthesized proteins from the Golgi apparatus, and cytochala- 
sin D ( 1 uM) was used to destabilize the cytoskeleton, thus in- 
hibiting phagocytosis. All of the concentrations listed above 
were selected after serial dilutions of each compound were 
tested in MG-63 cell culture. 

Viability Tests and [ } H]-Thymidine Incorporation 
The trypan blue exclusion test was used to determine the via- 
bility of cells. Since the presence of phagocytosed titanium par- 
ticles, especially at higher concentrations, precluded a precise 
evaluation of dye exclusion, cell viability was also determined 
with fluorescein diacetate (Molecular Probes, Eugene, Ore- 
gon)^. Viability tests were performed in duplicate, and at least 
200 cells w r ere counted w r ith transmission or fluorescent micros- 
copy in a Microphot-FXA microscope (Nikon, Tokyo, Japan). 

Proliferation of cells was measured by the incorpora- 
tion of [ 3 H]-thymidine (Amersham International, Arlington 
Heights, Illinois) into DNA in a ninety-six-w T ell microplate 
system. Trypsin ized cells were harvested (Cell Harvester; Tom- 
tec, Orange, Connecticut) at different time-points after a twelve- 
hour [ 3 H J -thymidine (1 uC [37 Bcq] of [TI] -thymidine per 
well) incubation. 

RNA Extraction and Northern Blot Hybridization 
Total RNA samples were isolated from monolayer cultures as 
described previously " *. Approximately 10 fig of total RNA was 
denatured in 50% formamide and \7.5°/o formaldehyde, dis- 
solved in MOPS buffer (20 niM 3- [N-morpholino] propane- 
sulfonic acid, 5 mM sodium acetate, and 1 mM EDTA at pH 
7.0), separated by electrophoresis in 1% agarose gel, and then 
transferred to GeneScreen Plus membranes (New England 
Nuclear, Boston, Massachusetts). Blots were hybridized with | 
■'P-deoxycytidine-triphosphate-labeled specific cDNA probes ! 
at a concentration of 3 :< 10" cpm/ml (specific activities: 2 to 
6 x 10" cpm/ug of cDNA)"\ Human-specific cDNA probes 
(plasrnids; were purchased from the American Type Culture 
Collection. The following recombinant plasmid DNAs were 
used as probes: a 1.8-kb cDNA probe for procollagen al[I] 
(Hf677; ATCC 61322), a 2.0-kb probe for osteocalcin (ATCC 
8626^), a 1.8-kb probe for osteonectin (ATCC 78193), and a 
1.5-kb probe for alkaline phosphatase (ATCC! S9633). Follow- 



ing hvbridiratiom the blots were washed and exposed to Kodak 
XAR-5 film ; Eastman Kodak, Rochester, New York) at -70 C tor 
photographic documentation or the original Northern blot was 
analyzed by STORM Phosphorlmiger with ImigeQuant sot: 
ware (both, from Molecular Dynamics, Sunnyvale. California'. 

Measurement of Particle Phagocytosis 

To further understand particle-induced changes in osteoblast 
function, we characterized the kinetics of particle uptake by 
MG-63 cells. In initial experiments, cells grown in monolayers 
were treated with 0.1 % (volume/volume) titanium particles 
for various time-periods, harvested by trypsinization, washed, 
and allowed to attach to coverslips. Trypsinization and re- 
peated washing of the cells removed nonphagoevtosed and/or 
surface- attached particles, and cell-free areas of the cover slip 
had essentially no particles. Two hundred particle-treated cells 
from different areas on the coverslip were examined with light 
microscopy (Nikon). Although we could easily identify cells 
containing particles, it was difficult to determine the exact 
number of particles in a single cell because of the intracellular 
aggregation of titanium particles. 

To circumvent this problem and to be able to quantify 
the number of phagocytosed particles within a single cell, we 
used fluorescent particles (Fluoresbrite) as an alternative 
source of particles. Two different methods were applied to de- 
termine the number of engulfed particles in osteoblasts. First, 
the number of Fluoresbrite particles in cells was counted di- 
rectly in epirluorescence mode with use of a Microphot-FXA 
microscope. However, this method could only be applied to 
cells treated for short time-periods (less than twelve hours), as 
the large numher of phagocytosed particles in cells treated for 
longer periods formed intracellular aggregates, precluding ac- 
curate particle counts. The second method involved preparing 
serial dilutions of Fluoresbrite particles, The particles were 
counted in a hemocytometer, and the fluorescence intensity of 
each concentration was determined with a fluorescent plate 
reader (Victor 1420 multilabel counter; Wallac, Gaithersburg, 
Maryland]. The particle numbers and the corresponding fluo- 
rescence intensities were plotted to generate a standard curve, 
which then was used to determine the number of fluorescent 
particles (on the basis of the fluorescence intensities) in cell 
lysates from osteoblasts treated w r ith Fluoresbrite. Cells con- 
taining phagocytosed Fluoresbrite were T rypsinized, washed, 
counted, and lysed by ultrasonication (VirTis, Gardina, New 
York) at 20 kHz for two minutes on ice. 

Measurement of Cytokines and Osteoblast-Spccific 
Proteins in Culture Media 

C>1okinc concentrations in supernatants of osteoblast cultures 
were measured by sandwich enzyme- linked immunosorbent 
assays (ELISAs) in ninety-six-well plates. I Iigh-sensitivity assay 
kits for INF-cx (range, 0.5 to 32 pg/ml), IL-lp (range, 0 12 to 
8.0 pg/ml), IL-6 ( range, 0. 12 to 8.0 pc^ml), and TGF-(3l (range, 
31 to 2000 pg/ml! were purchased from R and D Systems. Se- 
creted osteocalcin was measured by NovoCalcin and type- 1 
collagen was measured by Procoilagen-C ELISAs purchased 
from Metra Biosvstems (Mountain View, California). 
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Statistical Analysis 

Descriptive statistics were u^ed to determine group mean* 
and standard deviations. The Pillai tra^e (similar to Wiik, 
lambda or the Hotcliing-Lawiev trace) criterion was used to 
detect multivariate significance. Subsequently, paired Student 
t tests were performed between groups of interest. J he level 
of significance was set at p < n.n5. Alt statistical analvse^ were 
performed with use of computer-based statistical Mitt ware 
(SPSS/PO, version 4.0.1; SPSS, Chicago. Illinois). 

Results 

Particle Phagocytosis by Osteoblasts 

Osteoblasts phagocytosed particles in a time-dependent fash- 
ion (Fig. 1-C). Determining the number of phagocytosed par- 
titles, however, is difficult because of the indiscernible location I 



ot phagocytosed, partially engulfed, or surface attached parti 
ties and the intracellular aggregation of phagocytosed parti- 
cles. The use of fluorescent particles (Fluoresbrite) is a method 
for determining the number of engulfed particles. The mean 
number of particle* per cell (and standard deviation), mea 
sured with fluorescence intcn.Mtv in MG-63 cell lysatcs, was 
0.4 r 0.6 (range, ?ero to two) after one hour, 5 ± 2 (range, three 
to twelve) after two hours, 13 ~ 3 \ range, seven to nineteen) af- 
ter six hours, 23 z 1 (range, M>:tcen to twenty-eight) after 
twelve hours, 53 ± S after twentv-tour hours, 60 r 6 after forty- 
eight hours, and 58 ± 5 after seventy-two hours (Fig. A 
maximum of forty to sixty Fluoresbrite particles phagocytosed 
within twenty-four hours >ecms ti. be the saturation level for 
MG-63 cells. The number of engulfed particles could be pre- 
cisely determined only when fluorescent-labeled particles were 
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used. Cyto:halasin D, which destabilizes the cvtuskelttcn and 
inhibits phagocytosis, significantly reduced :.p < 0.01; the 
phagoevtosis of particles (4 ± 3 particles per cell after forty- 
eight hours) but did not completely abolish it (Figs. 1-A, panel 
A2,and 1-B. panel B2}. 

Effect of Particulate Wear Debris on Cell 
Via b Hi ty and Prolife ra tw n 

Next, we addressed how the phagocytosed particles influenced 
cell functions and whether different compositions of particles 
could initiate different cell responses. Particulate wear debris 
had no effect on the viability of MG-63 cells, which remained 
higher than 95% even in long-term experiments (seventy-two 
to ninety-six hours) over a wide range of particle composi- 
tions (titanium, titanium alloy, chromium orthophosphate, 
polyethylene, polystyrene, and Fluoresbrite) and concentra- 
tions (0.0125% to 0.2% volume/volume), In contrast to via- 
bility, cell proliferation was reduced when compared with that 
in untreated cultures, and the effect was dose-dependent 



(Fig. 2, A). Interestingly suppressed proliferation returned t<> 
normal by tortv-eight hours a: low particle concentrations 
(0.0l25°-oto0.05%) (Fig. 2, Ai. 

Effect of Exogenous Cytokines on Cell 
Viability and Proliferation 

Exogenous cytokines { IL- 1 j3 and IL-M, prostaglandin E2, and 
growth factors TGF-(3l and IGF-I had no effect on ceil viability 
over a wide range of concentrations. Only TNT-a significantly 
reduced cell viability when higher concentrations (more than 
100 rig/ml) were used (p < 0.01 L especially in long-term experi- 
ments (more than seventy- two hours). As shown in Figure 2, 
TNF-Ot (at a nontoxic concentration of 10 ng/mf and prosta- 
glandin E2 decreased cell proliferation, while TGF-pl and IGF-I 
increased it. Neither IL-pl nor II -6 affected cell proliferation. 

Cytokine Release in Osteoblasts Induced by Either 

Titanium Particles or Exogenous Cytokines 

The earliest cytokine release in culture media of titanium- 
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0,05 Sid * * inci cstes a level of p : 0 01. 
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stimulated MG-63 cells was detected after twelve hours, and it 
was restricted to IL-6 (Fig. 3, A). There were undetectable 
amounts of IL-1 and TNT- -a in culture media of either un- 
treated or particle-challenged MG-63 cells. A basal TGF-fil 
secretion was enhanced in particle-treated cultures after seventy- 
two hours (Fig. 3, B). 

As found in titanium-stimulated MG-63 cultures, only 
IL-6 and TGF-|}1 secretion was modified by exogenous media- 
tors. Only TNF-ft;it a nontoxic concentration ( 10 ng/ml) had a 
significant effect on IL-6 release (p < 0.0 1 J (Fig. 4, ,4), whereas 
the basal TGF-pl secretion was increased (p < 0.05' by exoge- 
nous TNF-a, IGF-I, or prostaglandin E2 (Fig. 4, B). 

Suppression of Osteoblast-Speciftc Gene Expression 
We reported a 40% to 60^ o suppression of procollagen or 1 [ I J 
rnKNA expression in MG 63 osteoblasts exposed to titanium 
particles 1 : . To further characterize the effect of particles on 
osteoblast-specitic gene expression and protein synthesis, MG- 
63 cells were exposed to titanium, titanium-alloy, chromium 
orthophosphate, polystyrene, polyethylene, and Fluorcsbnte 
particles for forty-eight hours. Particles, regardless of com- 
position, significantly suppressed procollagen Ct I [ I ] mRNA 
expression in MG-63 osteoblasts < p < 0.05) i Fig, 5). This down- 
regjlation of collagen gene expression was accompanied by 



reduced type I collagen protein synthesis. In contrast :o pro- 
collagen gene expression, none of the particles significantly al- 
tered the expression of osteocalcin or other osteoblast -specific 
genes such a> osteonectin or alkaline phosphatase. These data 
demonstrate that particles differentially affect ger.e expression 
in osteoblasts :for example, procollagen a: f compared with 
osteocalcin) (Fig. V), and the gene-specific effect i*> a genera' 
response to partides and is not specifk to particles of a partic- 
ular composition. 

Effect of Exogenous Cytokines on Procollagen 
a 1 Hi Gene Expression 

An increased IL-6 secretion in titanium-stimulated osteoblasts 
(Fig. 3, A) correlated inversely with the suppression of pro- 
collagen a I [I] mRNA and reduced collagen synthesis in all 
particulatc-stimulated osteoblast cultures. Neither exogenous 
IL-6 (Fig. 6, A) nor neutralizing antibodies to IL-6 (data not 
shown' 1 altered the collagen gene expression in the presence or 
absence of titanium particles, indicating that procollagen G£ 1 1 1 . 
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gene regulation was independent of 1L-6 or Il.-6-induced 
transcription factors in osteoblasts. In contrast, the effect ot 
exogenous TNF-a on procollagen ul[I gene expression was 
highly comparable with the effect of titanium particles (Fig. 6, 
A), and this correlated with reduced typed collagen synthesis". 
Prostaglandin E2 also inhibited procollagen al[I] gene expres- 
sion (data not shown). Exogenous IL-lp significantly reversed 
titanium-induced procollagen cxl[I] gene suppression 'p < 
0.05) (Fig. 6, A). Growth factors IGF-I and TGF-(Jl signifi- 
cantly increased collagen gene expression (p - 0.05: and could 
completely reverse the titanium-induced suppression of pro- 
collagen cxl [I ] mRNA (Fig. 6, B). 

Effect of Transcriptional, Translational, and Protein 
Transport Inhibitors on Cytokine Release and 
Procollagen a I flj Gene Expression 

To determine whether an effect of a freshly synthesized cyto- 
kine was involved in the titanium-induced procollagen a 1 [ I 



gene suppression and to distinguish the mechanism of titanium- 
induced IL-fi production from procollagen al [I] gene sup- 
pression at the molecular level, MG 63 cells w r ere treated with 
various inhibitors prior to stimulation with titanium particles. 
Actinomycin D, a potent inhibitor of transcriptional events by 
inhibiting RNA polymerase II, was used as a positive control. 
This compound blocked both procollagen 0(1 [I] mRNA tran- 
scription and II. -6 production. Translational (protein-synthesis i 
inhibitor cvclohexamide, protein-transport inhibitor brefeldin 
A, and rnonensm (a nonselective inhibitor of the release oi 
newly synthesized protein from the Golgi apparatus) uni- 
formly blocked the release of IL-6. In contrast, none of these 
chemicals modified titanium -particle- induced suppression ot 
the procollagen al[I] mRNA level (Fig. 7), confirming our 
recent observation that particle phagocytosis has a direct ef- 
fect on procollagen gene expression through the activation ot 
the protein tyrosine kinase- NF- Kb pathway*'. Taken together, 
particle phagocytosis has a direct effect on procollagen </l;l : 
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mRNA. whereas particle induced cytokine release requires 
factors tor protein svnlhcM* and intracellular traf ticking. 

Discussion 

Particulate wear debris t:om prosthetic components is ^<>n- 
tinuously generated and phagocytosed In tells o: • he 
periprosthetic soft tissue. Phagocytosis is a string signal tnr 
cells, first inducing a series of upstream events or" cell stimula- 
tion through :he activation of protein tvmsine kinases''" 
The activation of protein tyrosine kinases leads to the activa- 
tion of nuclear transcription factors Th<^e nuclear transcrip- 
tion factors then are translocated into the nucleus, resulting in 
the upregulation or various genes, including proinflammatory 
cytokines. In a broader sense, all cell types of the penprosthctic 
sofl I issue ( macrophages, fibroblasts, osteoclasts, and osteo- 
blasts] are able to phagOivtn.se particulate wear debris, and vir- 
tually all cells can reach an activated state These cells, produce a 
number of cytokines, chemokines, and prostaglandins, which 
may further affect the function of cells in either an autocrine or 
a paracrine manner with u>*e of distinct signaling mechanisms. 

Bone is a dynamic tissue with a well-balanced homeo- 
stasis preserved by both formation and resorption of bone. 
Normal turnover of bone, however, can be unbalanced bv either 
increased osteoclast activity or decreased osteoblast function; 
either mechanism or both mechanisms mav result in a net loss 



et bone. Hoth osteoclasts and Hypoblasts phagoevto.se parti- 
cles in vi:ro, and it is assumed 'hat ?hi- process may occur tn 
vivc as well. Osteoblasts, wnich phagoevtose particles, become 
activated and produce IL-r ; and prostaglandin LI . simulta- 
neously losing their capacitv t-> synthesize rvpe-I collagen 
The secreted 11-6 ^ and pros\i^U:ului Y2 'hen ^tivatc os- 
teoclasts in a paracrine fashion, u hi* h are .tssiinrd to already be 
in an activated state because of phagoc vnse-.l particles at the 
interface r4 \ Other cytokines sjch as !L 1(5 ar.d TNF-cx, se- 
creted by particle-stimulated nucrophajuvmonoevtes' ^ \ 
are also present in the periproMhetic t^sue. Tamor necrosis 
tactor-a can activate osteoblast to secrete IL-fi , : nd suppress 
type-I collagen syntnesis ' 4 ', an effect s.milar to that described 
tor particle phagocytosis I Figs. V\. 4, A and n, A). In addition, 
both IL-I(i and TNF or induce osteoclast differentiation from 
precursors and activate differentiated osteoblast ir. vitro"-* 1- *'. 
Taken together, phagocytosis directly afreets and phagocytosis- 
induced cytokine release indirect Iv iffects the hi me turnover 
negatively bv altering osteoblast and nste«u ^>t functions. 

From the osteoblast side, a phagocytosis- induced direct 
signal and exogenous TNF-a i paracrine effect . seem to be the 
most potent inducers of diminuhed type-I collagen synthesis. 
However, the particle induced and TNF-u-induced signaling 
mechanisms must be independent because 1 1 1 we were unable 
to detect TNF-a in either particle treated ML. o3 (Fig. 3) or 
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bone- marrow derived primary human osteoblast cultures", 
(2) neutralizing .mti-TNF-u antibody could abolish the exog- 
enous TNF-a effect but did not modify the osteoblast re- 
sponse to titanium particles [data not shown), and t 3) protein 
synthesis inhibitors, while blocking cytokine release, had no 
influence on particle- induced procollagen al [I] gene suppres- 
sion ( Fig 7). 

While neither exogenous nor endogenous IL-6 can af- 
fect osteoblast-^pecific functions, IL-6 along with the IL-6 sol- 
uble receptor could enhance different osteoblast responses 47 H \ 
The IL-6 receptor complex consists of two transmembrane 
proteins: a hpnd-binding chain (IL-6 receptor) and a non- 
hgand-binding signal transducer, glycoprotein 13i» igpl30). 
Intcrleukin-6 binding to the ligand-binding chain triggers het- 
erodirnerizatitm of the two chains, and then the cvtoplasmic 
domain of the gp!30 chain transduces the signal. The soluble 
form of the ligand-binding chain (soluble IL-6 receptor", is also 
able to activate gpl30 when IL-6 binds to it. It is hl-elv that 
MG-63 osteobh>ts express gp130 but not the ligand-binding 
chain' v '. Therefore, neither secreted nor exogenous IL-6 can 



bind to the II -6 receptor. Ai a result, no signal can be trans- 
ferred from the cell surface to the celT " ; . 

Among a rurnber of cytokines and growth factors, 
IGF-I and T0F-(3l were able to completely reverse the sup- 
pressive effect of particles on procollagen u LI' gene expres- 
sion. These growth factors, when used alone significantlv 
upregulated the procollagen al [I, gene expression ;Fig. 6, B\ 
and type I collagen synthesis. Furthermore, these growth 
factors increased osteoblast proliferation without affecting 
cell viability or inducing substantial IL-6 secretion. Thus, 
IGF-I and TGF-(3l seem to be potent inducers of bone ma- 
trix formation. 

One of the most important findings of the present 
study is that, in addition to a direct effect of particles on os- 
teoblast functions the proinflammatory cytokine TNF-a 
also exhibits a massive and substantial effect on procollagen 
al[l] gene expression, cell proliferation, cell viability, and 
IL-6 secretion in osteoblasts. While this proinflammatory cy- 
tokine induces bone resorption via osteoclast activation, it 
also contributes to bone loss via reduced bone formation by 
osteoblasts. Since TNF-a, IL- 1 (}, and IL-6 are present and are 
continuously secreted by particle-stimulated cells :n the 
periprosthetic space, their long-term in vivo autocrine and 
paracrine effects are critical in the pathogenesis of the 
periprosthetic osteolysis. Eventually, local delivery of certain 
growtn factors (IGF-1 or TGF-Pl), protein tyrosine kinase, 
or NF-kB inhibitors" — all of which can reverse the suppres- 
sive effect of either proinflammatory cytokines or wear par- 
ticles on tvpe-I collagen synthesis in osteoblasts — may have 
the therapeutic potential to prevent or treat periprosthetic 
bone loss. ■ 

Note: T-,e .autnes nan* Jozsef Pcbai. VtD. Tamesh Narayanan. PhD. Ca-, ia Ce-a'd. Tir - 
^orja \p irs. MLA. to r Teir techrtcsi fioip. v\e ^Isc appreciate Oj' vc ! Jdbe d:^^L,ssi; r s 
vs' tn Pick Sumner, FriD. Tern Tuner, C VM. arc. a r,i,mbe r or vis tors tc tnt iec'io" n- 5:c- 
rhemis-rv arrj Mole^j'dr Biology of the Department -ji Orihepedij Surgt:> dt Ruih L-)ive r 
S'ty Xiicago. Ili.noisi 
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High pressure effects on cellular expression 
profile and mRNA stability. A cDNA array 
analysis 
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Abstract. Hydrostatic pressure has a profound effect on cartilage tissue and chondrocyte metabolism. Depending on the type 
and magnitude of pressure various responses can occur in the cells. The mechanisms of meehanotransduction at cellular level 
and the events leading to specific changes in gene expression arc still poorly understood. We have previously shown that 
induction of stress response in immortalized chondrocytes exposed to high static hydrostatic pressure increases the stability of 
heat shock protein 70 mRNA. In this study, our aim was to examine the effect of high pressure on gene expression profile and 
to study whether stabilization of mRNA molecules is a general phenomenon under this condition. For this purpose a cDNA 
array analysis was used to compare mRNA expression profile in pressurized vs. n on -pressurized human chondrosarcoma cells 
(HCS 2/8). mRN T A stability was analyzed using actinomycin-treated and nontreated samples collected after pressure treatment 
A number of immediate-early genes, and genes regulating cell cycle and growth were up-regulated due to high pressure. 
Decrease in osteonectin, fibronectin, and collagen types VI and XVI mRNAs was observed. Also bikunin, cdc37 homologue and 
Tiaml, genes linked with hyaluronan metabolism, were down-regulated. In general, stability of down-regulated inRNA species 
appeared to increase. However, no increase in mRNA above control level due to stabilization was noticed in the genes available 
in the array. On the other hand, mRNAs of certain immediate-early genes, like c-jun, jun-B and c-myc. became destabilized 
under pressure treatment. Increased accumulation of mRNA on account of stabilization under high pressure conditions seems 
to be a tightly regulated, specific phenomenon. 

1. Introduction 

Articular cartilage functions as load-bearing tissue and has to withstand high compressive loads. The 
extracellular matrix produced by chondrocytes is resilient and mediates forces between moving bones. 
Rising from a chair produces a nearly 20 MPa pressure peak and during walking pressures cycle between 
atmospheric and 3-4 MPa at a frequency of I Hz [7]. During other activities the pressure can be even 
higher. Chondrocytes respond to mechanical forces by altering their production of extracellular compo- 
nents and by remodeling the cartilage tissue. Thus immobilization leads to loss of cartilage proteoglycans 
within a few weeks, and remobiiization can for the most part reverse this event [12J. On the other hand, 
excessive load can permanently damage cartilage and alter the cellular acti\ ity which has been shown in 
various models of joint instability in vivo [4 |. 
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Moderate level ot hydrostatic pressure increases the synthesis of cartilage matrix molecules [6,1 1,14), 
while high continuous pressure results in inhibition of synthesis [6,10]. Under high hydrostatic pressure, 
heat shock protein 70 accumulates in the pressurized cells [8,16], This accumulation involves stabiliza- 
tion of the corresponding mRNA [8], an event that appears to require protein neosynthesis [9]. Expression 
profiling of chondrocyte cells under pressure revealed a number of ocher genes whose expression was 
affected by high hydrostatic pressure [13]. 

For the moment, studies of mechanical forces on chondrocyte metabolism have mainly focused 
on measuring the changes in the synthetic activity of chondrocytes in tissue or cell cultures in re- 
sponse to various loading protocols. Many hypotheses concerning the possible mechanotransduction 
and mechanoreceptors have been suggested, however, analyses of how mechanical force affects gene 
expression have received less attention. In this study we have analyzed the alterations of gene expression 
in a human chondrosarcoma cell line on account of high continuous hydrostatic pressure and its possible 
effects on mRNA stability using a cDNA array. 



2. Materials and methods 

2 J. Cell culture and pressure treatment 

HCS2/8 human chondrosarcoma cell line [17] was cultured in a humidified 5% C0 2 /95% air atmo- 
sphere at 37°C in DMliM (Gibco, Paisley, UK) supplemented with 10% fetal calf serum (PAA, Linz. 
Austria), penicillin (50 units/ml, PAA), streptomycin (50 units/ml, PAA), and 3 mM glutamine (PAA). 
Cells were grown to subconfluent state before the experiments. Before exposure to hydrostatic pressure, 
medium was changed and 1 5 mM Hepes (pH 7.3) was added. To expose the cells to pressure, the culture 
dishes were filled with the medium described above and sealed with a plastic membrane. The apparatus 
for hydrostatic pressurization of the cells has been previously described in detail [11] The pressure level 
of the test chamber was selected to be 30 MPa and static mode of pressure loading was used. Samples 
from control and pressurized cultures were collected after pressurization for 6 hours. To study the mRNA 
stability, actinomycin D (2.5 mg/mL Sigma, St. Louis, MO, USA) was dissolved in methanol and added 
to control and pressurized cultures at final concentration of 10 pM for 5 hours, and the samples were 
collected for mRNA isolation. 

2.2. Expression profiling with a cDNA array 

The Atlas Human Cancer 1.2 cDNA array kit was purchased from Clontech Laboratories (Palo Alto, 
CA, USA). All procedures for labeling and purification of the probes were accomplished according to 
manufacturer's recommendations. <*- 32 P-dATP-labeled cDNA probes were generated by reverse tran- 
scription of mRNA from untreated and pressurized monolayer cultures using gene specific primers. 
Unincorporated label was removed by column chromatography. The membranes were hybridized in 
ExpressHyb™ solution overnight at 68°C, washed twice in 0.2 x SSC and 0.1% sodium dodecyl sulfate 
(SDS), and twice in 0. 1 , SSC, 0.5% SDS, for 20 min each. Autoradiography signals vn ere quantified by 
using a Phosphorlmager™ (Molecular Dynamics. Sunnyvale, CA, USA), and the values obtained were 
normalized against se\eral housekeeping genes. 
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3, Results 

Continuous 30 MPa hydrostatic pressure was applied on chondrosarcoma cells to compare the niRNA 
expression profile in the pressurized cells with control cultures using the cDNA array technique. Since 
our goal was to investigate the mRNA stability as well, we pressurized the cells for 6 hours, a time 
interval needed to reach maximal heat shock protein 70 mRNA level and stabilization |8J. A number 
of changes in mRNA expression levels was observed due to high pressure. The up-regulated genes are 
presented in Table 1, and down-regulated ones in Table 2. The house-keeping genes (GAPDH, a-tubulin, 
A'J-actin, 40S ribosomal protein, 23-kDa highly basic protein and HLAC) were expressed consistently, and 
their average was used for the normalization. 

To study changes in mRNA stability, possibly affected by high hydrostatic pressure, mRNA synthesis 
was stopped by addition of actinomycin D in control and pressurized cultures, and expression profiles 
were compared with corresponding RNA samples which were collected immediately alter pressurization. 
A number of up-regulated (Table 1) and down-regulated (Table 2) genes were observed. Changes in 
signal levels between actinomycin D-treated and untreated array samples were considered to indicate 
that mRNA half-life differed from the average half-life of total mRNA pool (Tables 1 and 2). Ratio 10 
represents the case where the mRNA half-life did not change. 

4. Discussion 

The immediate early genes, such as c-jun, c-myc, jun-B, some G-proteins and transcription factors 
were observed to be induced effectively during pressure treatment. Els transcription factors are involved 
in cartilage and bone development, and type X collagen, e.g., has a conserved Ets-binding sequence in 
its promoter region [2]. Therefore, increase in Elf mRNA may have relevance in chondrocyte's response 
to pressure. mRNAs for c-jun, c-myc and jun-B were present at rather low level in control cell cultures, 
however they had a long half-life, as indicated by increase of their relative abundance in actinomycin D 
treated cultures. Interestingly, even though pressurization resulted in a notable increase of these mRNA 
species, their half-life appeared to be shortened in pressurized cells. This seems to indicate faster turnover 
rate of the early phase messages. The signal of these genes seemed to be intense even 6 hours after the 
beginning of pressurization indicating ongoing activation of other target genes. 

Under high hydrostatic pressure, a number of genes involved in cell cycle regulation were up- 
regulated. Effects of pressure on the cell cycle have been previously studied with Saccharomyces cerc- 
visiae % where hydrostatic pressure in the range of 15 to 25 MPa caused arrest of the cell cycle in G\ 
phase, while pressure of 50 MPa did not [ 1 ]. Although the expression profiling suggests that 30 MPa 
hydrostatic pressure would result in cell cycle arrest in the chondrosarcoma cells, as indicated by in- 
creased signal of p21 and Gadd45, no direct evidence is available tor an involvement of apoptotic 
process. In fact, many of the mRNA species involved in apoptosis were decreased in the pressurized 
cells. 

Histone H4 signal was slightly increased in pressurized chondrosarcoma cells under study, while in 
HeLa ceils all histone mRNA levels dropped at 41 MPa hydrostatic pressure applied for 10 min 1 151. 
However, the differences in cell type and duration of the loading iv-av explain these contradicting re- 
sults. De -uahilization of histone mRNA was noticed in both experiments. Continuous 30 MPa pressure 
decreases aggrecan production in primary chondrocytes [10], and similar effect on mRNAs of matrix 
molecule-, osteonectin, fibronectin and collagen type VI was seen here f Kaluronan has an important role 
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Table 1 



Genes detected on eDNA array which were up- regulated and/or whose mRNA stability was changed due to high hydros tatu 
pressure 



Gene 


Fold of change 


Function 


GB access 




a 


b 


c 




number 


c-jun 


-1 ,9 


20.4 


0.2 


proto-oncogene 


J04I 11 


E4BP4 gene 


Lv7 


5.2 


0.7 


transcription factor 


X64318 


growth arrest and DNA damage protein 45 (Gadd 45) 


91 


1.9 


09 


DNA repair, stress response 


S40706 


heparin-binding EGF-like grow th factor (HBFGF) 


8.9 


3.6 


1 4 


growth factor 


M60278 


c-myc oncogene 


8 1 


8.8 


0 2 


proto-oncogene 


V00568 


nerve growth factor-inducible PC4 homologue 




2.9 


03 


growth factor, cytokine 


Y10313 


jun-B 


5.9 


4.3 


0 3 


proto-oncogene 


M29039 


early growth response gene alpha (EGR-o) 


5 9 


4.6 


0 7 


transcription regulator 


S81439 


CDC-like kinase (CLK-1) 


5 0 


3.0 


06 


cell cycle-regulating kinase 


L29222 


NGF-inducible ami -proliferative protein PC3 


4 4 


6.4 


06 


cell cycle-regulating kinase 


U72649 


Rho8 protein 


4 0 


4 1 


1 1 


G-protein, signal transduction 


X95282 


EGF-response factor 1 (ERF-1) 


3.6 


3.3 


08 


transcription regulator 


X79067 


early growth response protein I (hEGRL KROX 24) 


3 3 


2.8 


0.6 


transcription regulator 


X52541 


Gem (Ras-like protein KIR) 


3 1 


3.9 


0 8 


G-protein, signal transduction 


U 10550 


DNA-binding protein CPBP 


2.8 


1.4 


0.4 


DNA binding protein 


U44975 


RHQ1 retinoblastoma binding protein 


2 7 


1.1 


05 


cell cycle, transcription 


X85133 


tyrosine-protein kinase ABL2 (tyrosine kinase ARG) 


2 7 


1.8 


2 2 


proto-oncogene 


M35296 


B4-2 protein 


2 7 


1.9 


0.7 


morphogenesis 


U03105 


MCL-1 


2 5 


3.1 


I 7 


bcl family protein 


L08246 


% r ascular endothelial growth factor (VEGF) 


2 S 


2.4 


0 9 


growth factor 


M32977 


CDK-interacting protein (cipK wafl, p21) 


2 4 


1.4 


1.1 


cell cycle- regulating protein 


U09579 


platelet-derived growth factor A (PDGF-1) 


? '7 


1.4 


0.9 


growth factor 


X06374 


fos-related antigen (fra-l) 


2 1 


2.7 


1.0 


proto-oncogene 


XI 6707 


cyclin-dependent kinases regulatory subunit 2 (CKS-2) 


2 1 


1.3 


1.0 


ceil cycle-regulating kinase 


X54942 


fos-related antigen 2 (fra-2) 


2 1 


3.2 


1.0 


proto-oncogene 


XI 6706 


ets-related transcription factor Elf- 1 


2 0 


1.4 


1.5 


transcription activator 


M82882 


activator I 37-kDa subunit 


1 6 


2.4 


0.5 


replication factor 


M87339 


STAT induced STAT inhibitor-3 


i 5 


4.7 


0.6 


kinase inhibitor 


AB004904 


wee-1 like protein kinase 


!.5 


2.6 


0.4 


cell cycle -regulating protein 


U 10564 


histone H4 


■ 3 


1.7 


0.5 


histone 


X67081 


interleukin-17 receptor 


; 2 


2.1 


0.9 


interferon receptor 


U58917 


bone morphoge neuc protein 4 (BMP-4) 


1.2 


6.2 


1.6 


growth factor 


D3075 1 


polyhomcotic 2 ho mo log (HPH2) 


12 


2.2 


1.1 


transcriptional regulator 


U89278 



a) Fold of increase in expression under 30 MPa hydrostatic pressure for 6 h. 

b) Relative mRNA stability in control sample (actinom vein-treated control vs. control). 

c) Relative mRNA stability in pressurized sample (acti nomycin -treated pressurized sample v< pressurized sample). 



in cartilage matrix linking tens to hundreds of aggrecan molecules into proteoglycan aggregates. mRNAs 
coding for three hyaluronan-associated proteins were down-regulated by high pressure, too. Placental 
bikunin is essential for biosynthesis of inter-a-trypsin inhibitor heavy cham-hvaluronan complex [18], 
and cdc37 has been shown to bind to hyaluronan [5]. Tiarnl and hyaluronan receptor CD44 interaction 
stimulates RacI signaling and hyaluronan -mediated breast tumor cell migration [?]. Decrease in mRNAs 
coding both H and M chains of lactate dehydrogenase suggest changes in carbohydrate metabolism in 
pressurized celN 
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Tabic 2 

Genes detected on cDNA array which were down -regulated and/or whose mRNA stability was changed due to high hydrostatic 
pressure 



Gene 


Fold of change 


Function 


GB access 




a 


b 


c 




number 


protein kinase C inhibitor 


0.6 


0.6 


1.4 


kinase inhibitor 


U510O4 


tissue inhibitor of matrix metalloproteinase 2 (TIMP-2) 


0.6 


0.8 


1.7 


protease inhibitor 


J05593 


c-myc binding protein 


0.6 


0.7 


1.4 


inhibitor of mye-activity 


D89667 


osteonectin (SPARC, BM-40) 


0 6 


0.9 


2.0 


extracellular matrix protein 


J03040 


cyclin-dependent kinases regulatory' subunit 1 (CKS-1) 


0 5 


0.8 


1.7 


cell cycle-regulating kinase 


X54941 


guanylate kinase (GMP kinase) 


0.5 


0.8 


1 6 


cGMP cycling 


L76200 


active breakpoint cluster region -related protein 


0.5 


0.6 


1 3 


GTPase- activating protein 


U01 147 


hepatoma -derived growth factor (HDGF) 


0 5 


0.9 


2 0 


growth factor 


D16431 


signal transducer and activator of transcription 3 (STAT3) 


0.5 


1 . 1 


2.0 


transcription factor 


L29277 


L- lactate dehydrogenase H chain 


0.5 


0.6 


15 


carbohydrate metabolism 


Y007 1 1 


fibronectin 


0.5 


0.8 


2 0 


extracellular matrix protein 


X0276I 


TAX 1 -binding protein TXB 1 5 1 


0 5 


0.7 


2. 1 


transcriptional activator 


U33821 


procollagen en (VI) 


0 5 


0.8 


2 8 


extracellular matrix protein 


XI 5879 


von Hippel— Lindau tumor suppressor protein 


0 5 


1.2 


1 8 


tumor suppressor 


LI 5409 


extracellular signal-regulated kinase 6 (ERK-6) 


0 s 


0 X 


0.9 


signal transduction 


X 7 94 83 


GTP-binding protein ras-associated with diabetes (RAD1) 




0 7 


i -j 


G ■protein, signal transduction 


L24564 


procollagen qj(XVI) 


0.5 


0.7 


1.8 


extracellular matrix Drotein 


M92642 


fatty acid synthase 


0 5 


1 .0 


18 


lipid metabolism 


S80437 


acid finger protein 


0 5 


1 .9 


2 3 


DNA binding 


U09825 


CHD3 




O 8 
\J . o 


1 Q 


transcription factor 


AF0O6515 


^/-tubulin 


0 5 


0.9 


15 


cy to skeletal protein 


M61764 


L-lactate dehydrogenase M chain 


0.5 


1 .0 


1 7 


carbohydrate metabolism 


X02152 


placental bikunin, inter-«:-trypsin inhibitor light chain 


0.5 


0.8 


1.9 


protease inhibitor 


U78095 


replication protein A 70 kDa subunit 


0 5 


0.7 


1 7 


replication factor 


M63488 


nucleoside 5 '-diphosphate phosphotransferase 


0 5 


0 8 


1 5 


nucleotide metabolism 


Y07604 


PRSM 1 metalloproteinase 


0.4 


1.0 


1.5 


metall oproteinase 


1 15 8048 


growth-arrest specific protein (GAS) 


0.4 


0.7 


j 9 


growth suppression 


LI 3720 


procollagen en (VI) 


0.4 


1.0 


2 0 


extracellular matrix protein 


X52022 


insulin- like growth factor binding protein 6 (IGFBP6) 


0.4 


0.7 


15 


modulation of IGF activity 


M62402 


CDC37 homolog 


0.4 


0.8 


15 


cell cycle regulation 


U63131 


BCL7B protein 


0.4 


1.3 


2.0 


cytoskeletal protein 


X89985 


smoothened 


0.4 


0.8 


16 


morphogenesis 


UK4401 


dishevelled 1 (segment polarity protein ) 


0.4 


0.8 


1.6 


morphogenesis 


1:46461 


IMP synthetase (inosinica.se) 


0.4 


1.2 


1.4 


purine metabolism 


U37436 


inosine phosphorylase (PNP) 


0.4 


0.9 


2.3 


nucleotide metabolism 


X(H>737 


extracellular signal -regulated kinase 2 < ERK-2) 


0.4 


0.8 


1.4 


signal transduction 


LI 1285 


TRAP1 


0.4 


0.8 


1.6 


death- receptor 


U 12595 


transforming growth factor-a (TGF-o ) 


0.4 


1.0 




growth factor 


K03222 


chromatin assembly factor 1 p48 subunit 


0.4 


0.8 


1.6 


chromatin protein 


X 74262 


branched -chain amino acid aminotran sfera.se 


0.4 


0.8 


) .X 


amino acid metabolism 


U68418 


[ - Kmphoma invasion and metastasis inducing (Tiaml) 


0.4 


0.7 


2.(1 


oncogene 


Li6296 


deah- associated protein- 1 (DAP-1) 


0.3 


0.7 


2.4 


death-receptor 


Y?6105 


W nr \i 


0.3 


1.0 


2.1 


morphogenesis 


L2086I 
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Tabic 2 
i Continued) 



Gene 




Fold of change 


Function 


GB access 




d 


b 


c 




number 


PCNA 




11 


1.6 


cell cycle-regulation 


^i 5 79 6 


Fas-activated senne/thrconine (FAST) kinase 


o 


0 8 


2.1 


death kinase 


X86779 


vaccinia-related kinase 2 


0.3 


11 


18 


intracellular kinase network 


AB0OO45O 


integrin-linked kinase (ILK) 


0.2 


0.9 


2.1 


signal transduction 


U40282 


apoptosis regulator bax 


o.: 


0.5 


4.5 


apoptosis 


L22474 



a) Fold of decrease in expression under 30 MPa hydrostatic pressure for 6 h. 

b) Relative mRNA stability in control sample (actinomycin-treated control vs. control). 

c) Relative mRNA stability in pressurized sample (actinomycin-treated pressurized sample vs. pressurized sample). 



Expression of heat shock protein 70 is an example of accumulation of rnRNA solely due to mRNA 
stabilization without increased transcription in cells grown under high pressure [8]. In this experiment 
that kind of stabilization pattern was not observed with other genes, which indicates the uniqueness of 
the heat shock response under pressure. The overall picture given by this array analysis thus indicates 
that high static hydrostatic pressure influence on the amount of expression products involved in cell cycle 
regulation, transcription factors regulating various other genes and also various matrix molecules. The 
stability of up-regulated genes as a whole is somewhat decreased and involves no clear stabilization. In 
contrast, the stability of down-regulated genes seems to be somewhat increased. 
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ABSTRACT 

To better understand the biochemistry of matrix-forming cells, we developed a simple and reproducible pro- 
cedure for the isolation and identification by N-terminal sequencing of proteins secreted by cells into culture 
medium and applied this procedure to the analysis of the major Coomassie blue-staining proteins under 100/ 
kD that are secreted from three different human osteoblastic cell cultures. The major proteins secreted by' 
normal human osteoblasts from adult trabecular bone were identified by N-terminal sequencing to be gelati- 
nase, osteonectin, the C-terminal propeptides of the a, and a 2 chains of type I collagen, tissue inhibitor of 
metaUoproteinase 1 (TIMP-1), and ^-microglobulin. The amounts of each of these proteins secreted into 
medium over a 24 h interval did not change over the 7 consecutive days of culture under serum-free condi- 
tions, which indicates that this pattern of protein secretion is not significantly affected by the serum-free 
conditions needed for protein identification by this method. In addition, radioimmunoassay for bone gla 
protein (BGP), a marker for osteoblast phenotype, revealed that BGP secretion remained high over 7 days 
of culture under serum-free conditions and was comparable to the rate of BGP secretion in control cultures 
with 10*70 serum. The major proteins secreted by MG-63 cells were identified by N-tenninal sequencing to be 
gelatinase, a novel 40 kD human bone protein we termed YKL-40, TIMP-1, the recently discovered TIMP-2, 
and ^-microglobulin. Further studies revealed that YKL-40 is the only protein detectable by Coomassie 
staining of SDS gels of MG-63 media proteins that is induced by extended time at confluence or by treatment 
with l,25-(OH) 2 D 3 . The apparent absence of detectable Coomassie-stained bands corresponding to the C- 
terminal propeptides of collagen in the medium of MG-63 cells suggests that these transformed cells may not 
be a good model for bone matrix formation. The major proteins secreted by normal fetal osteoblastic cells 
were identified by N-terminal sequencing to be osteonectin and the C-terminal propeptides of the a x and a 2 
chains of type I collagen. Gelatinase and TIMP could not be detected among the conditioned medium pro- 
teins by these methods. These observations indicate that fetal osteoblasts primarily express proteins that are 
matrix constituents and adult human osteoblasts secrete, in addition to these, proteins that could function in 
matrix turnover. 



INTRODUCTION 

A complete understanding of the physiologic func- 
tion of a given cell requires knowledge of the identity 
and amount of each protein secreted by that cell. To date, 
two methods have been employed to identify proteins se- 
creted by bone cells and by other extracellular matrix- 



forming cells. Proteins have been isolated from the extra- 
cellular matrices of tissues, and the expression ot given 
proteins by matrix-forming cells has been assessed by im- 
munologic assays for antigen and by cDNA hybridization 
assays tor mRNA. These procedures have several limita- 
tions. For example, the isolation of proteins from the ex- 
tracellular matrix is limited to the identification ot secreted 
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proteins that become abundant constituents of that matrix, 
and the identification of individual proteins expressed by 
matrix-forming cells is limited to the specific assays avail- 
able for use in detection. Neither of these methods there- 
fore identifies all proteins secreted by a matrix-forming 
cell. In the present study, we focused on the development 
of general methods for the separation and identification of 
proteins secreted by cells in culture and applied these meth- 
ods to the biochemical characterization of human osteo- 
blastic cells. 

Three different bone cell cultures were used in this 
study. One is the MG-63 human osteosarcoma cell line, a 
cell that displays such osteoblastic characteristics as the se- 
cretion of the bone-specific protein bone gla protein (BGP; 
osteocalcin) in response to 1,25-dihydroxyvitamin D s [1,25- 
(OH) 2 D 3 ] stimulation. tl) The other two cell cultures were 
normal osteoblasts that we isolated from fetal and adult 
human bone for use in this study. Although fetal human 
bone cells have not been extensively studied, osteoblastic 
cells from adult human bone have been shown to secrete 
BGP in response to l,25-(OH) 2 D, treatment lJ) and to syn- 
thesize gelatinase, ,J> tissue inhibitor of metalloproteinase 
(TIMP), ,3) bone sialoprotein,* 4 ' osteonectin, 151 the small 
bone proteoglycans biglycan and decorin, 1 *' thrombospon- 
din/ 7) and type I collagen. < J,> In each of these previous 
studies, the identification of proteins synthesized by adult 
human osteoblastic cells in culture was based on either im- 
munologic detection of antigen or cDNA hybridization as- 
says for mRNA. In the present study we identified by 
N-terminal protein sequencing the major Coomassie blue- 
staining proteins under 100 kD that are secreted by each of 
these three bone cell cultures. The identification of these 
proteins provides further insight into the possible biochem- 
ical functions of osteoblasts. 

MATERIALS AND METHODS 

Materials 

The MG-63 human osteosarcoma cell line was obtained 
from the American Type Culture Collection (Rockville, 
MD). Coon's F12 (Ham's formulation) medium, RPMI 
medium, Dulbecco's modified Eagle's medium (DMEM), 
newborn calf serum, antibiotics, and trypsin were obtained 
from Irvine Scientific. 1,25-Dihydroxyvitamin D 3 was a 
gift from Dr. M.R. Uskokovic at Hoffman-LaRoche. Tri- 
fiuoroacetic acid for high-performance liquid chromatog- 
raphy (HPLC) was from Pierce, HPLC-grade acetonitrile 
was from Fisher, sequencer reagents were obtained from 
Applied Biosystems, and electrophoresis reagents were 
from BioRad. All other reagents were analytic reagent 
grade or better. 

Cell culture 

Adult human bone cells were established in culture by a 
modification of the procedure of Gehron Robey and Ter- 
miner from the trabecular bone of each of 10 different 
femoral heads removed from women aged 60-86 years dur- 
ing surgery for hip replacement. None had any metabolic 
or malignant bone disease documented at the time of sur- 



gery. In a typical experiment, trabecular bone was cut into 
small pieces (10-20 mm 3 ) and washed thoroughly with 
DMEM and Ham's F12 medium (50:50 vol/vol) containing 
no serum to remove nonadherent marrow cells. The bone 
pieces were then incubated in the same serum-free medium 
containing 1 mg/ml of crude collagenase (type IV, Sigma 
Chemical Company) at 37°C with rotation. After 2 h the 
bone pieces were washed three times with DMEM and 
Ham's F12 containing 10^o newborn calf serum to inhibit 
collagenase, and 8-12 of the collagenase-treated bone 
pieces were placed in each 100 mm plate and cultured in 
the same medium. Cells began to migrate from the bone 
pieces onto the plate after 2 weeks and typically reached 
confluence at 1 month. At this time, bone pieces were re- 
moved and the cells were trypsinized and divided into four 
100 mm plates (passage 1). All subsequent subcultures 
were carried out by dividing confluent 100 mm plates into 
two 100 mm plates. Adult bone cells were routinely grown 
in DMEM and Ham's F12 medium (50:50 vol/vol) contain- 
ing I0«7o newborn calf serum, 100 U/ml of penicillin, 100 
/ig/ml of streptomycin, 1 /ig/ml of vitamin K lf and 50 
/ig/ml of vitamin C. Cultures were incubated at 37°C in a 
humidified atmosphere of 5% CO,. To obtain conditioned 
medium for analysis, adult bone cells (passages 1 and 2) 
were grown to confluence in 100 mm dishes, the culture 
medium was removed, and the cell layer was washed twice 
with 10 ml phosphate-buffered saline. Serum-free DMEM 
and Ham's F12 (10 ml) containing 10 ng/ml of 1,25- 
(OH) 2 D 3 , 50 jig/ml of vitamin C, and 1 jig/ml of vitamin 
K, was then added to each dish. Conditioned medium was 
decanted 1 day later from each dish and replaced with 10 
ml fresh serum-free medium containing the same level of 
added constituents. This procedure was repeated daily for 
up to 7 days. Conditioned medium was freed of cells and 
debris by centrifugation and frozen. Since the first 24 h 
conditioned medium sample sometimes contained traces of 
the bovine serum protein fetuin, all N-terminal sequences 
reported here were determined on proteins isolated from 
conditioned medium collected starting with day 2. 

Fetal human bone cells were established from the cal- 
varia of a 20-week-old human fetus (miscarriage) by the 
same modified procedure of Gehron Robey and Termine (S) 
as used for adult cells. Fetal bone cells were routinely cul- 
tured in Coon's F12 medium containing 10<7o newborn calf 
serum, 100 U/ml of penicillin, 100 M g/ml of streptomycin, 
1 jig/ml of vitamin K„ and 50 /xg/ml of vitamin C. Cul- 
tures were incubated at 37° C in a humidified atmosphere 
of 10^o CO,. Although the present investigations were car- 
ried out using fetal bone cells that had undergone 10 popu- 
lation doublings from primary culture, these cells maintain 
their morphology and growth rate for at least 20 popula- 
tion doublings. To obtain conditioned medium for analy- 
sis, fetal bone cells were grown to confluence in 100 mm 
dishes, the culture medium was removed, and the cell layer 
was washed twice with 10 ml phosphate-buffered saline. 
Serum-free Coon's F12 media (10 ml) containing 10 ng/ml 
of l,25-(OH) 2 D J( 50 ml of vitamin C, and 1 jig/™ 1 of 
vitamin K, was then added to each dish. Conditioned me- 
dium was collected daiK n the same manner as described 
for adult bone cells. 



IDENTIFICATION OF PROTEINS SECRETED BY HUMAN OSTEOBLASTS 



503 



The MG-63 human osteosarcoma cell line was cultured 
in 100 mm dishes with RPMI-1640 medium containing 
10^o newborn calf serum, 100 U/ml of penicillin, 100 
mi of streptomycin, 50 ^g/ml of vitamin C, and 1 ^g/ml ot 
vitamin K,. Cultures were incubated at 37°C in a humidi- 
fied atmosphere of 10^o CO,. At confluence, the culture 
medium was removed and the cell layer was washed twice 
with 10 ml phosphate-buffered saline. Serum- free RPMI 
1640 (10 ml) containing 10 ng/ml of l,25-(OH),D 3 , 50 
ml of vitamin C, and 1 /ig/ml of vitamin K, was then 
added to each dish. Conditioned medium was collected 
daily in the same manner as described for adult bone cells 

Preparative C4 reversed- phase HPLC 

In the experiment described in Fig. 6, 3.5 liters condi- 
tioned media collected over 7 days of culture in the ab- 
sence of serum was filtered through a 0.45 cellulose ni- 
trate filter and loaded directly onto a Vydac C4 prepara- 
tive reversed-phase column (2.2 cm inner diameter x 25 
cm) at a flow rate of 10 ml/minute. After the sample was 
loaded, the column was washed for 10 minutes with 0.1 'To 
trifluoroacetic acid (TFA) in H,0 at a flow rate of 5 ml / 



minute Next a linear gradient was developed from 0.1 <7« 
I FA m H 2 0 to 0.1*o TFA in 60<To acetonitnle (vol/vol) 
over 2 h at a flow rate of 5 ml/minute. Fractions (1 min- 
ute) v\ere collected and 200 ^ aliquots of every other frac- 
tion were dried in a Speed Vac concentrator (Savant) for 
sodium dodecyl sulfate (SDS)-gel electrophoresis. 

SDS-polyacrylamide gel electrophoresis 

Lleetrophoresis was performed as described by 
Laemmll ,,, using a Mini Gel Apparatus (BioRad Labora- 
tories, Richmond, CA) and 0.75 mm thick gels. BioRad 
low-molecular-weight standards were run to calculate the 
apparent molecular weights of protein bands. Fractions 
from preparative C4 reversed-phase chromatography were 
concentrated for electrophoresis by freeze-drying in a 
Speed Vac concentrator. Medium from all other experi- 
ments was dialyzed exhaustively against Milli-Q water 
(Millipore Corp., Bedford, MA) at 4°C for 48 h using tub- 
ing with a 3500 molecular weight cutoff (Spectrapor 3; 
Spectrum Medical Industries, Inc., Los Angeles, CA) and 
freeze-dried in a Speed Vac concentrator. Dried proteins 
were dissolved in SDS sample buffer"' containing 5°fo by 
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FIG. I. SDS-polyacrylamide gel analysis of proteins secreted from adult human bone cells from I • liferent bone 
donors. Cells were grown to confluence in the presence of Inn newborn calf serum and then change : • • --um free me- 
dium. Conditioned medium (6 ml) from the second day of ^rum-free culture was dialyzed and dne-t • •■ -.t.h of the 10 
donors. The dried medum was dissolved in 20 /J SDS loadmw buffer, loaded onto a lane of a 12 < >s r Wyacryl- 
amide gel, electrophor^ed, and stained with Coomassie blue (see Materials and Methods). 
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FIG. 2. SDS-polyacrylamide gel analysis of proteins secreted from adult human bone cells. Cells were cultured to con- 
fluence in the presence of 10<?o newborn calf serum and then changed to serum- free medium. Beginning 24 h after the 
change to serum-free medium, conditioned medium was collected daily for 7 days, dialyzed against H 2 0 and pooled. 
Pooled medium (60 ml) was dried and dissolved in 200 /tl SDS loading buffer, and 20 y\ of this mixture was loaded onto 
each of 10 lanes of a 10% SDS-polyacrylamide gel. After electrophoresis, proteins were transferred to a PVDF mem- 
brane and stained with Coomassie blue. The prominent bands at 72, 67, 49, 44, 41, 35, 33, and 31.5 kD were excised, and 
the bands at a given M r from all 10 lanes were subjected to N-terminal sequence analysis (see Materials and Methods). 



volume of /J-mercaptoethanol and heated for 5 minutes at 
100°C to reduce disulfide bonds. After electrophoresis, 
proteins were electrophoretically transferred from poly- 
acrylamide gels to polyvinylidcne fluoride (PVDF) mem- 
branes as described by Matsudaira (10) at 90 V for 20 min- 
utes. Protein bands were visualized in gels or on PVDF 
membranes by staining with Coomassie blue R-250, and 
protein bands on PVDF membranes were stored at -70°C 
until further analyzed. To obtain sufficient material for 
analysis, the same band was excised from up to 10 lanes, 
each of which contained the protein in up to 6 ml condi- 
tioned medium. All 10 bands were placed into the sequen- 
cer cartridge and subjected to N-terminal sequence analy- 
sis. We typically place the PVDF bands so that they oc- 
cupy the 1 cm diameter circle of the sequencer cartridge as 
fully as possible without overlapping membranes and con- 
sequently inhibiting solvent flow. 



N-terminal sequence analysis 

Protein bands were sequenced using an Applied Biosys- 
tems 470A sequenator equipped v*uh a model 120 on-line 
HPLC using the 03RPTH program provided by the manu- 
facturer. Data reduction was accomplished with a Per- 



kin-Elmer 7500 computer equipped with Chrom 3 soft- 
ware. Sequences were searched against the Protein Identi- 
fication Resource (PIR) protein data base of the National 
Biomedical Research Foundation, Washington, DC. 

Amino acid analysts 

Proteins on PVDF membranes were hydrolyzed in 6 N 
HC1, and the amino acids were extracted with 30% metha- 
nol (vol/vol) in 0.1 N HC1 as described. ,,2, Dried hydroly- 
sates were derivatized with 9-fluorenylmethylchlorofor- 
mate (FMOC)" 1 '* f and analyzed using a Perkin-Elmer Se- 
ries 4 HPLC equipped with a Varian Amino Tag C18 col- 
umn (4.6 mm - 15 cm) and a Kratos Model FS970 fluo- 
rescence detector. 

Radio im munoassays 

BGP was measured by a specific RIA using an antibodv 
raised against purified bovine BGP. t,S) The C-terminal 
propeptide of type I procollagen (PICP) was measured by 
a commercial!) available radioimmunoassay (RIA; PICP 
RIA Kit, Farmos Diagnostica) using an antibody raised 
against human PICP purified from normal skin fibroblast 
cultures tl6) Conditioned medium (100 /d) was used for th- 
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Table 1. Identification of Prominent Proteins Secreted by Adult Human Osteoblasts 3 
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■The N-terrmnal sequences of the protein bands described in Fig. 2 are presented* except for the band ai 49 kD, which failed to 
give clear sequence information. The sequence of ^-microglobulin was obtained from a 15<7o poly aery 1 amide gel of the same con- 
ditioned medium (data not shown). The reference sequence is shown in boldface type below each sequence obtained; tentative 
identification in parentheses. 



BGP assay and 10 y\ for the PICP assay, and the detection 
limit is 0.2 and 34 ng/ml, respectively. 



RESULTS 

Isolation and identification of proteins secreted 
by adult human osteoblastic cells 

To better understand the biochemical functions of the 
osteoblast, we developed a simple and reproducible 
method for the identification of proteins secreted into 
serum-free medium by osteoblastic cells in culture. In this 
procedure, serum-free conditioned medium is collected 
daily, dialyzed against Milli-Q water, and freeze-dried 
using either a rotary evaporator or a lyophylizer. Dried 
protein from up to 6 ml conditioned medium is then 
loaded onto each lane of an SDS minigel and, after elec- 
trophoresis, the separated proteins are transferred to a 
PVDF membrane and stained with Coomassie brilliant 
blue. The bands corresponding to the principal proteins 
are excised, and bands from up to 10 lanes are then loaded 
onto the sequencer and subjected to N-terminal sequence 
analysis or to acid hydrolysis and amino acid analysis. To 
better resolve proteins in given molecular weight ranges, 
several gels with different percentage cross-linking are used 
in the analysis of the conditioned medium proteins. 

This procedure was used to evaluate the effect of several 
variables on the pattern of proteins secreted by osteoblastic 
cells from adult human trabecular bone. Conditioned me 
dium proteins obtained daily for 7 consecutive days of cul- 
ture in the absence of serum were compared in a single 
electrophoresis gel to evaluate the possible effect of pro 



CM 



c 




Time (days) 

FIG. 3. Rate of BGP secretion in control and 1,25- 
(OH) 2 D 3 -treated adult human bone cells. Cultures received 
fresh serum-free medium containing 10 ng/ml of 1,25- 
(OH) a D 3 (hatched bars) or vehicle (solid bars) every 24 h. 
The BGP levels in each 24 h conditioned medium were de- 
termined by radioimmunoassay of samples in triplicate. 



longed culture under serum- free conditions on the pattern of 
secreted proteins. No significant differences could be de- 
tected (data not shown); the gel patterns starting with the 
first 24 h in serum-free medium are shown here for fetal hu- 
man osteoblasts and MG-63 osteosarcoma cells (see below). 
To evaluate the possibility that passage number might affect 
the pattern of secreted proteins, conditioned media from 
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different passages were compared (each passage is the re- 
sult of a 1:2 subcultivation). No significant differences 
were seen in conditioned medium from adult human tra- 
becular bone osteoblastic cells between passages 1 and 4 
(data not shown), and all results reported here were conse- 
quently carried out on conditioned medium from trabecu- 
lar bone osteoblastic cells at passage I or 2. The reproduci- 
bility in the pattern of proteins secreted by osteoblastic 
cells from trabecular bone was evaluated for 10 different 
adult human donors. The results of this study revealed an 
essentially identical pattern of proteins in the conditioned 
medium of each osteoblastic culture (Fig. 1), 

A representative Coomassie-stained PVDF membrane 
from the pooled conditioned medium of osteoblastic ceils 
from passage 2 of trabecular bone donor 5 is shown in Fig. 
2. In this example, sufficient protein was present for the 
identification by N-terminal sequence analysis of gelati- 
nase, osteonectin, TIMP-1, and the C-terminal propep- 
tides of the a,(I) and a a (I) chains of collagen (Table 1). 
The presence of two osteonectin bands with different ap- 
parent molecular masses (Table )) was noted in earlier 
studies of proteins secreted by human bone cells. (5) Subse- 
quent experiments using a higher protein load per lane and 
a higher percentage of cross-linked gel identified ft- 
microglobulin. One of the other bands tested, at 67 kD 
(Fig. 2), gave a strong human serum albumin sequence' 14 ' 



in three conditioned medium samples, which included cells 
from two different human donors at passage 1 and cells 
from a third donor at passage 5. For two other conditioned 
medium samples obtained from an additional two donors, 
it was not possible to obtain an unambiguous human albu- 
min sequence for the 67 kD band. In addition, northern 
blot analysis of the mRNA isolated from the cultured 
osteoblasts from two donors failed to reveal any hybridiza- 
tion when probed with the full-length cDNA for human 
serum albumin. It seems probable that the human serum 
albumin sequence obtained for several conditioned me- 
dium samples reflects trace contamination of the medium 
with human serum, although we cannot exclude the possi- 
bility that human serum albumin is in fact expressed by 
some human osteoblast cultures. 

To confirm the osteoblastic character of the bone cells 
used in this study, confluent cultures from each of the 10 
trabecular bone donors were assessed for the capacity to 
increase BGP secretion in response to 10 ng/ml of 1,25- 
(OH) 2 Dj. Radioimmunoassay of conditioned medium 
from the 10 bone cell cultures revealed 12-50 ng/ml of 
BGP in cells treated for 48 h with 10 ng/ml of 1,25- 
(OH) 1 D 3 and undetectable to 2 ng/ml of BGP in the ab- 
sence of hormone treatment. Similar stimulation of BGP 
synthesis in adult human bone cells by l,25-(OH) 3 D 3 was 
noted by others.' 1 8 25) Daily production of BGP remained 
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Day 1 Day 2 Day 3 Day 4 

FIG. 4. SDS-polyacrylamide gel analysis of proteins secreted from fetal human bone cells. Cells were cultured to con- 
fluence in the presence of 10°o newborn calf serum and then changed to serum- free medium. Serum-free conditioned me- 
dium was collected daily and dialvzed against H a O, and 4 ml medium from each indicated day of culture was dned. The 
dried medium was dissolved m 20 M l SDS loading buffer, loaded onto a lane of a 10<7o SDS-polyacrylamidc *el. electro- 
phoresed, and stained with Owmassie blue (see Materials and Methods). 
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high over 7 days of l ( 25-(OH) 2 Dj treatment in serum-free 
medium for each bone culture tested (results from a repre- 
sentative culture are shown in Fig. 3). Radioimmunoassay 
of the control medium samples revealed comparably high 
daily production (8 pg per 10* cells per 24 h) of the C-ter- 
minaJ propeptide of type I procollagen over the 7 days in 
serum-free medium. The adult bone cells were also shown 
to be osteoblastic by their ability to form a mineralized 
matrix. 1 "' The cells were cultured in medium containing 
10% serum and supplemented with 10 mM ^-glycerophos- 
phate, and medium was changed daily (see Materials and 
Methods). After 4 weeks, mineralized areas were observed 
as clear white spots that, when stained with von Kossa 
stain, became black, indicating that calcium mineral depo- 
sition had occurred (data not shown). 

Isolation and identification of proteins secreted 
by fetal human bone cells 

The pattern of proteins secreted by fetal human osteo- 
blastic cells, shown in Fig. 4, is markedly different from 
that obtained for osteoblastic cells from adult trabecular 
bone (Figs. 1 and 2). The three major Coomassie blue- 
stained proteins in the conditioned medium of fetal human 
bone cells were identified by N-terminal sequence analysis 
to be human osteonectin and the C-terminal propeptides 
of the a,(I) and a^I) chains of human collagen (Table 2). 
BGP could not be detected by radioimmunoassay in the 
culture medium of basal or l,25-(OH) 2 D 3 -treated fetal hu- 
man bone cells, and northern blot analysis failed to reveal 
the presence of BGP mRNA (data not shown). 

Isolation and identification of proteins secreted 
by MG-63 human osteosarcoma cells 

Unlike the osteoblastic cells from fetal and adult bone, 
neither of which reveal significant differences in major 
Coomassie blue-stained proteins secreted in response to 
l,25-(OH) 2 D 3 treatment or to time in serum-free medium, 
one component in the medium of the MG-63 human osteo- 



sarcoma cell line is induced by ],25-{OH),Dj and by time 
in culture, the component at an apparent molecular weight 
of 40 kD (Fig. 5). N-terminal sequencing of this compo- 
nent revealed it to be a new human protein (Table 3), 
which we termed YKL-40 based on the one-letter code for 
its first three amino acids and its molecular weight.' ^ The 
N-terminal sequence of YKL-40 has a high degree of iden- 
tity with the N-terminal sequence of a 39 kD protein iso- 
lated from the whey of nonlactating cows'"' and is identi- 
cal to a protein recently isolated from the conditioned me- 
dium of human synovial cells (Table 3). <3 " The amino acid 
composition of YKL-40 is shown in Table 4. Although 
YKL-40 is the only protein band in the SDS gel shown in 
Fig. 5 affected significantly by vitamin D treatment or by 
day of culture, radioimmunoassay of culture medium and 
northern blot analysis of cellular mRNA revealed that 
BGP is stimulated by vitamin D in these cultures (data not 
shown), in agreement with previous results. 01 

Only one additional protein was present in sufficient 
amounts in the conditioned medium of MG-63 cells for 
direct identification by the method described here, the 67 
kD band (Fig. 5), which proved to be gelatinase. To over- 
come the limitations imposed by the low level of protein in 
MG-63 cell conditioned medium, we fractionated the 
semm-free conditioned medium from MG-63 cells by re- 
versed-phase HPLC, a procedure that effectively concen- 
trated proteins from 3.5 liters conditioned medium, de- 
salted the proteins into a volatile buffer, and partially frac- 
tionated the proteins in the mixture. Fractions from the 
HPLC chromatogram were dried and then further sepa- 
rated by SDS-gel electrophoresis (Fig. 6). Three additional 
proteins were identified by this procedure, ft-microglobu- 
lin, TIMP-1, and a third protein that was initially found to 
be related in sequence to TIMP-1 and was later shown to 
be identical to a subsequently reported human protein, 
TIMP-2. (27> Despite this medium concentration and partial 
purification step, no bands could be detected at the molec- 
ular weight positions expected for osteonectin and for the 
C-terminal propeptides of type I collagen, which indicates 
that MG-63 cells produce very little of these extracellular 
matrix constituents. 



Table 2. Identification of Prominent Proteins Secreted by Fetal Human Osteoblasts 3 
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a Celh> were grown to confluence in the presence of 10^o newborn calf serum and then changed io serum free medium. Beginning 24 h 
after the change to serum-free medium, conditioned medium was collected daily for 7 days, dialyzed against H.O, and pooled. Pooled 
medium (60 ml) was dried and dissolved in 200 fi\ SDS loading buffer, and 20 >d of this mixture was loaded onto 10 lanes of a 10* SDS- 
polyacrylamide gel. After electrophoresis, proteins were transferred to a PVDF membrane and stained with Coomassie blue (data not 
shown) The prominent bands at 44, 35, and 33 kD(Fig 4) were excised, and the bands from all 10 lanes *ere subjected to N -terminal se- 
quence analysis (see Materials and Methods). The reference sequence is shown in boldface type below- each sequence obtained; tentative 
idenuficd'ion in parentheses. 
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1,25(OH) 2 D 3 TREATMENT 

FIG 5 SDS-polyacrylamide gel analysis of proteins secreted from MG-63 cells in response to l,25-(OH) 2 D 3 treatment. 
MG-63 cells were grown to confluence in the presence of KWo newborn calf serum and then changed to serum-free me- 
dium containing either 10 ng/ml of UHOH^D, <+) or an equal volume of vehicle (-). Medium was collected daily and 
replenished with fresh media. The daily medium collections were dialyzed against H.O and 4 ml medium from each indi- 
cated day was dried. The dried medium was dissolved in 20 ^1 SDS loading buffer, loaded onto a 10<*b SDS-polyacryl- 
amide gel, electrophoresed, and stained with Coomassie blue (see Materials and Methods). 



DISCUSSION 

The procedure developed in the present study for the 
identification of proteins secreted by cells in culture has 
the advantages that all secreted proteins can in principle be 
identified and the relative abundance of the proteins can 
be quantitatively determined. The method is also highly re- 
producible, allowing the changes in protein secretion due 
to such variables as hormonal treatment or cell type to be 
detected by direct comparison of stained protein bands, 
which can be subsequently identified by N-terminal se- 
quence analysis (see Fig. 5). The major limitation of this 
procedure appears to be the amount of protein required 
for N-terminal sequence analysis. We identified proteins 
by N-terminal sequence analysis with an initial yield as low 
as 3 pmol. Based on amino acid analysis of PVDF bands, 
this initial yield is typically 10-4Wo of that expected from 
the amount of protein present; this initial yield is not 
atypical for proteins transferred to PVDF membranes. 131 > 
To identify an average protein of 30 kD, at least 1 /ig total 
protein must therefore b< present in the up to 10 bands 
used for sequence analysis. The limitations caused by the 
low levels of protein in a band can be overcome in some in- 
stances by a prelimmar\ purification step, such as the sep- 
aration of conditioned medium proteins by reversed-phase 
chromatography befor: ge! electrophoresis (e.g., Fig. 6). 
This preliminary purin .^on step, however, was unneces- 



sary for the identification of many of the most abundant 
proteins in the conditioned medium of the osteoblastic 
cells studied here. 

The major focus of our studies was the identification of 
proteins under 100 kD secreted by normal human osteo- 
blasts from trabecular bone. This investigation revealed 
that osteoblastic cells from 10 different adult human 
donors secrete a pattern of proteins that is essentially iden- 
tical in the number of prominent components under 100 
kD that can be visualized by Coomassie staining and in the 
relative amounts of these components. These observations, 
together with the consistently high production of the bone- 
specific BGP in response to l,25-(OH) 2 D, in each culture, 
strongly indicate that the cell populations studied here are 
uniform in phenotype over the first several passages tested. 
Since the pattern of proteins secreted by any given adult 
human osteoblast culture did not change over i consecu- 
tive days of culture, it is clear that the pattern of proteins 
secreted by these cells is not affected by prolonged culture 
under serum-free conditions. It is important to note, how- 
ever, that the initial transition to serum-free conditions 
could have produced a rapid change in the expression of 
some secreted proteins that cannot be detected by compari- 
son of the first 24 h conditioned medium sample with sub- 
sequent days of medium collection. In addition, the condi- 
tions osteoblasts encounter in cell culture are tar from 
those they typically encounter in vivo, and therefore the re- 
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FIG. 6. SDS-polyacrylamide gel analysis of fractions from the C4 reversed-phase HPLC of MG-63 conditioned me- 
dium. Aliquots (200 pi) from every other fraction of the preparative C4 reversed-phase chromatography of 3.5 liters 
MG-63 medium were dried, dissolved in 20 *d SDS loading buffer, and electrophoresed on a 15% SDS-polyacrylamide 
gel (see Materials and Methods). 



lationship between the present results and the pattern of 
protein expression in situ remains to be established. 

Some of the major Coomassie blue-staining constituents 
in the conditioned medium of adult bone cells correspond 
to proteins that are prominent constituents of bone matrix, 
and their abundance in the medium of these bone-forming 
cells is not unexpected. These proteins include the C-termi- 
nal propeptides of type I collagen and osteonectin. Other 
comparably prominent constituents of osteoblast condi- 
tioned medium, gelatinase, TIMP-1, and ^-microglobulin, 
are not major constituents of the matrix of bone and pre- 
sumably play an as yet uncharacterized role in matrix turn- 
over or formation. The present study is the first to show 
that, under cell culture conditions, these nonmatrix pro- 
teins are secreted at a rate comparable to matrix constitu- 
ents, a result that confirms the importance of the study of 
conditioned medium as an adjunct to the analysis of bone 
matrix itself in the study of bone metabolism. One protein 
we expected to find in conditioned medium, the N-termi- 
nal propeptide of type I collagen, was not found in the 25 
kD position in quantities sufficient for N-terminal se- 
quence analysis. Since quite high levels of the C-terminal 
propeptides were present, the N-terminal propeptide either 
is generated from procollagen more slowly than the C-ter- 
minal propeptide under culture conditions or is selectively 
lost from conditioned medium during culture or purifica- 
tion. 

The present investigations confirm previous studies that 
showed the apparent absence of BGP expression in osteo- 
blastic cells from fetal bone (31 " M) and also demonstrate 
other marked differences between the fetal and adult cell. 
Of particular note is the prominence of proteins in medium 
that correspond to constituents of the extracellular matrix, 
namely the C terminal propeptides of type I collagen and 
osteonectin, and the apparent absence of proteins that are 
not also matrix constituents, gelatinase and TIMP-1 
These observation ^ biggest that fetal bone cells may pri 



marily express constituents of bone matrix and lack promi- 
nent expression of proteins that could be involved in other 
aspects of bone metabolism and indicate that fetal cells are 
not a good model for bone metabolism in the adult. 

Although the MG-63 osteosarcoma cell line has been 
used widely as a model for the human osteoblast, the pres- 
ent results demonstrate dramatic differences in Coomassie 
blue-staining secreted proteins between MG-63 cells and 
adult osteoblasts. Of particular note is the apparent ab- 
sence of proteins in the medium of MG-63 cells that corre- 
spond to prominent constituents of the extracellular bone 
matrix. For example, C-terminal collagen propeptides can- 
not be detected in the medium of these cells (Figs. 5 and 
6). These observations indicate that MG-63 cells may not 
be a good model for matrix formation in the adult human 
but, rather, could reflect a more specialized bone cell, such 
as the osteocyte, which is less involved in matrix formation 
than in matrix maintenance and turnover. 

One of the major strengths of the methods described 
here for the analysis of matrix-forming cells is that promi- 
nent secreted proteins can be identified that would nor- 
mally be overlooked because they are not prominent mat- 
rix constituents, such as YKL-40. This protein was identi- 
fied as a secreted protein of human bone cells in vitro for 
the first time in the present study. YKL-40 may be viewed 
as a protein that, based on its singular induction by 1,25- 
(OHJjDj among the media proteins of MG-63 cells, could 
play a role in the action of vitamin D in bone. We antici- 
pate that future improvements in sequencing sensitivity 
and applications of the methods described here to other 
cells will further broaden our understanding of the metab- 
olism of bone and other tissues. 
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Downregulation of SPARC Expression Is Mediated by Nitric 
Oxide in Rat Mesangial Cells and during Endotoxemia in 
the Rat 
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Abstract. Nitric oxide (NO) has been implicated in several 
forms of glomerulonephritis. In this study, a low stringency 
reversed transcription/PCR protocol was used to evaluate the 
action of NO on the mRNA expression pattern in rat mesangial 
cells (MC). To mimic the state of glomerular inflammation, 
MC were stimulated by exposure to the cytokines interleu- 
kin- 1/3 and tumor necrosis factor-a into producing high levels 
of NO v ia expression of inducible nitric oxide synthase (NOS). 
To delect NO-mediated effects, the resulting expression pattern 
was compared to that of MC stimulated by the cytokines in the 
presence of the NOS inhibitor A/°-monomethyl-L-arginine ([.- 
NMMA) Computer analysis of a differentially expressed 
cDNA fragment resulted in a 100% homology to the recently 
characterized mRNA of SPARC (secreted protein acidic and 
rich in cysteine). Further characterization of SPARC regulation 



revealed a cytokine- and cAMP-dependcnt decrease in SPARC 
mRNA and protein levels. Blocking NO formation by 
l-NMMA reversed the effects of cytokines and cAMP on 
SPARC expression, suggesting an NO-mediated mechanism. 
The NO donors S-nitroso-N-acetyl-penicillamine and diethyl- 
enetriamine/NO further reduced SPARC expression in cyto- 
kine-treated MC as well as in controls. Moreover, downregu- 
lation of SPARC mRNA and protein expression in whole 
kidneys obtained from rats treated with endotoxin was ob- 
served. This downregulation of SPARC was reversed by treat- 
ment with l-A/ 6 -! (iminoethyl) lysine dihydrochloride, a potent 
and highly selective inhibitor of inducible NOS. These data 
characterize SPARC as an NO-regulated gene. This observa- 
tion may be important in the context of tissue remodeling in 
chronic inflammatory kidney diseases. 
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Inflammatory diseases of the renal glomerulus are associated 
with an enhanced formation of the radical nitric oxide (NO) 
(1-4). The rat mesangial cell (MC), a smooth muscle cell-like 
pericyte located in the glomerulus, has been suggested to 
function as a key player of the glomerular inflammatory re- 
sponse (5). Primary cultures of MC react to the cytokines 
interleukin-lj3 (IL-10) and tumor necrosis factor-ar (TNF-a) or 
with membrane-permeable cAMP analogs leading to the gen- 
eration of NO secondary to the induction of the inducible form 
of NO synthase (iNOS) (6,7), Besides its ability to induce 
apoptosis and cell death in glomerular mesangial cells (8,9), 
NO also mediates the expression of certain genes on the 
transcriptional level. NO directly modulates gene transcription 
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of iNOS (10) and macrophage inflammatory protein 1 a (MIP- 
ltt) (11). Recently, new technologies, most of which are based 
on PCR, have been developed to characterize changes in the 
mRNA expression patterns in various cell culture or tissue 
systems. Here, we use a modified version of a low-stringency 
PCR method originally developed by Welsh et al (12) and 
now available by Stratagenc (RNA arbitrarily primed PCR 
[RAP-PCRD to study the action of NO on the gene transcrip- 
tion pattern of MC. To detect genes that undergo NO-mediated 
regulation, we compared the expression patterns of MC stim- 
ulated into producing high, but subtoxic, amounts of NO using 
a combination of the cytokines IL-1 j3 and TNF-a. In addition. 
MC were treated with the potent NOS-inhibitor A^-monometh- 
yl-L-arginine (l-NMMA). Using this approach, we found that 
NO produced an inhibitory effect on the expression of SPARC 
(secreted protein acidic and rich in cysteine, also known as 
BM-40 or osteonectin). The highly glycosylated SPARC pro- 
tein shows a variety of biologic activities (13), and its action as 
a scavenger of plate let-derived growth factor (PDGFj may be 
of relevance in the course of glomerulonephritis a< shown 
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Materials and Methods 

Reagents 

Human recombinant IL 1 w as kindly provided by Dr. Ch. Rordorf 
(Novartis Pharma, Inc.. Base!. Switzerland). TNF-u was a gift from 
Knoll AG (Ludwigshaten, Germany) The anti-SPARC antibody was 
a generous gift from Dr. R Timpl i Martinsricd, Germany). A cDNA 
clone representing the murine iNOS (pMac-NOS) was generously 
pruvided by Dr. J. Cunningham (Boston. MA). a- 3: P-dCTP ( a- 33 P- 
dCTP, and "ready prime" DNA labeling kjt were obtained from 
Amersham Buchler (Braunschweig. Germany). Nylon blotting mem- 
branes were from Life Science {Schleicher & Schuell, Dassel, Ger- 
many) or Millipore (Eschbom. Germany). Tissue culture plastic was 
from Falcon (Becton-Dickinson, Heidelberg, Germany), and media 
and sera were from Life Technologies (Eggenstein, Germany). NO 
donors, l-NMMA and l-A^-1 (iminoethyl) lysine dihydrochloride 
(l-NIL) were from Alexis (Griinberg, Germany). Chemicals for re- 
verse transcription (RT)-PCR were obtained from Stratagene (Am- 
sterdam, The Netherlands). Sodium thiopentone (Intraval Sodium) 
was obtained from Rhone Merieux Ltd. (Harlow, Essex, United King- 
dom). Bacterial lirxjpolysaicharide (LPS) (Escherichia coli serotype 
0.127:B8) was from Sigma (Poole, Dorset. United Kingdom). All 
other chemicals were purchased from Sigma (Deisenhofen, Germa- 
ny). 

Cell Culture and Stimulation 

Rat glomerular MC were cultured as described previously (15). MC 
were grown in RPMI 1640 supplemented with 10% heat-inactivated 
fetal calf serum, 2 raM glutamine, 5 ng/ml insulin, 100 U/ml penicil- 
lin, and 100 fig/m\ streptomycin. To obtain quiescent cells, MC were 
maintained in serum T.ce Dulbecco's minimal essential medium sup- 
plemented with 0.1 mg/ml fatty acid-free bovine serum albumin for 
24 h before cytokine or cAMP treatment (IL-1/3, 2 nM; TNF-a, 2 nM; 
Bt 2 cAMP, 1 or 5 mM in combination with IL-1/3). MC were used 
between passages 8 and 19 Unless indicated otherwise, NOS inhib- 
itors were administered at a concentration of 2 mM. Viability of MC 
was not altered under the conditions used for the experiments de- 
scribed as determined by lactate dehydrogenase measurement in the 
culture medium (cytotoxicity detection kit; Boehringer Mannheim. 
Mannheim, Germany). 

RNA Arbitrarily Primed PCR 

mRNA from MC was prepared by use of an mRNA isolation kit 
(Stratagene), and low-stringency RT-PCR was performed according 
to the instructions provided with the RAP-PCR kit (Stratagene). As an 
internal control, the primers provided with the kit were exchanged for 
the following primers designed lor rat iNOS cDNA: 
N3: 5^CCGGATCCTCTTTGCTACTGAGACAGG-3' 
N4: 5 '-CCGA ATTCGGG ATCTG A ATGC A ATGTT-3 ' 
Briefly, 100 ng of mRNA obtained from differently treated MC 
were reverse-transcribed by use of primer N4 that matches to the 
published rat cDNA at po>mon 2098-2077 (16) (accession no. 
D 1 4051). Low-stringency PCR was performed in the presence of both 
N4 and N3 (position 1634-1654) and a- 33 P-dCTP for one cycle at an 
annealing temperature of 35 : C Cycling was then continued for an 
additional 40 cycles at 53 r C The radiolabeled cDNA fragments were 
separated on a sequencing gel and exposed to x-ray film. Bands thai 
obviously represented NO-regula'ed cDNA were excised and ream 
plified under stringent PCR conditions as mentioned above. The 
intrinsic ZtamHI and EcvRI restriction sites (in boldface) in N3 ark: 
N4, respectively, allowed ease cloning of the PCR products into tru 
respective sites of the vector Pluc^cript KS* (Stratagene). Sequence . 



of the PCR products was performed using an automated sequence 
analyzer A3 10 (Perkin Elmer Applied Biosys;ems. Weiterstadi, Ger- 
many). 

Nitrite Analysis 

Nitrite (NO J), the stable end product of NO. was measured in the 
culture medium by the Griess method I 7 using a "ready to use" 
Gncss reagent (Merck, Darmstadt, Germany r 

Northern Blot Analysis 

Isolation of total RNA from MC and Northern blotting were 
performed as described previously (18.19). Filter-bound RNA was 
hybridized to the radiolabeled Smal fragment of the murine cDNA 
clone pMac-NOS or a 680-bp BamHUEcoRl fragment obtained by 
RAP-PCR, which represented SPARC cDN A. Equivalent loading of 
the RNA probes was corrected after rc hybridization of the filter with 
a cDN A probe for GAPDH. The mRNA levels for SPARC, iNOS, and 
GAPDH were measured by an automated detector system BAS 1500 
of Fuji film (Raytest, Straubenhardt. Germany). iNOS and SPARC 
mRNA levels were corrected for by the mRNA levels of GAPDH and 
are expressed as arbitrary units. 

Western Blot Analysis 

MC cultured in 10-cm dishes were lysed in 20 mM Tns-HCl, pH 
7.5, I mM ethylenediaminetetra-acetic acid, 1 mM ethyleneglycol- 
bis()3-aminoethyl emer)-AT V-tetra-acetic acid, 1% Triton X-100, 2 
mM dithiothreitol, 50 /ig/ml leupeptin, and 1 mM phcnylmcthyisul- 
ionyl fluoride and left on ice for 15 min. Extracts were sonicated three 
times for 10 s and centrifuged at 13,000 rpm for 2 min. The protein 
concentration of the lysate was determined by the Bradford protein 
assay (Bio-Rad, Munich, Germany). A total of 100 u,g of total protein 
from each sample was subjected to sodium dodecyl sulfate -polyac- 
rylamide gel electrophoresis (15% [wt/vol] for SPARC, 8% [wt/vol] 
for iNOS). Subsequently, the protein was blotted to a nylon membrane 
and immunoreactive protein was detected using an anti-iNOS N- 
terminal antibody (20) or with anti-SPARC antibody raised against 
murine recombinant SPARC (21). Intensity of the bands representing 
iNOS (130 kD) or SPARC (43 kD) protein was evaluated using a 
GS-700 imaging densitometer (Bio-Rad, Munich, Germany). 

Rat Model of Endotoxemia 

Surgical Procedure. This study was carried out using 48 male 
Wtstar raLs (Tuck, Rayleigh, Essex, United Kingdom) weighing 240 to 
320 g and receiving a standard diet and water ad libitum. The 
investigation was performed in accordance with the Home Office 
Guidance on the Operation of the Animals (Scientific Procedures) Act 
1986, published by HMSO, London. Untied Kingdom. All animals 
were anesthetized using thiopentone sodium (Intraval Sodium, 120 
mg/kg intraperitoneally), and anesthesia was maintained by supple- 
mentary injections of thiopentone sodium (approximately 1 to 2 
mg/kg per h intravenously as required). The trachea was cannulated to 
facilitate respiration, and rectal temperature was maintained at 37°C 
j sing a homeothermic blanket (Bioscience. Sheerness, Kent, United 
Kingdom). The left carotid artery was cannulated and connected to a 
prssure transducer (Senso-Nor 840; Senso Nor. Hortcn, Norway) for 
he measurement of phasic and mean arterui! BP (MAP) and heart 
m:c. which were displayed on a data acq a m: ten system (Mac Lab 8e; 
■\!> Instruments, Hastings, United Kingdom i installed on an Apple 
Macintosh computer. The femoral vein u.,s ..mnulated for the admin- 

f it: on of drugs. The bladder was also :vJ to collect urine. 
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Upon compleiion of the surgical procedure. cardiox aseular parameters 
were allowed to stabilize for 15 niin. 

Experimental Design. After recording baseline hemodynamic 
parameters, one group of animals received Escherichia coh LPS (10 
mg/kg intravenously, n = 36) as a slow injeciton mer 15 min. after 
which valine was administered as a continuous infusion (6 ml/kg per 
h intravenously). Another group of animals was administered LPS as 
described above, but also the selective iNOS inhibitor I NIL (22) as 
an intravenous bolus of 3 mg/kg followed b> an infusion of 3 mg/kg 
per h (n = 18). The dose of L-NIL used here is sufficient to abolish 
the rise in nitrite and nitrate caused by LPS (within 6 h> in the rat (23). 
Animals subjected to one of the above treatment regimens were killed 
by an overdose of anesthetic at 30 min and 1 . 2. or 4 h after injection 
of LPS Subsequently, the right kidney was removed, snap-frozen in 
liquid nitrogen, and stored at — 70°C until use tor protein isolation. 

Statistical Analyses 

Unless otherwise indicated, results represent one of three experi- 
ments giving similar results. Data are expressed as percentage versus 
controls (mean ± SD) or as mmHg for MAP (mean ± SD) or 
beals/min (mean r SD) for heart rate. Significance was tested by / test 
or one-way ANOVA followed by Bonferroni post-significance test- 
ing, and P values <0.05 were considered statistically significant. 

Results 

For RAP-PCR, mRNA expression in MC in which NO 
production was stimulated using a combination of IL-1/3 and 
TNF-a was compared with mRNA expression in MC exposed 
to cytokines in the presence of l-NMMA for 24 h as well as 
mRNA from vehicle-treated control cells. Cytokine-dependent 
NO production was monitored by measurement of nitrite con- 
tent in the culture medium. (IL-1/3 + TNF-a, 81.09 ± 9.1 
nmol/mg protein; control, 12.76 ± 0.77 nmol/mg protein 
(mean ± SD); P < 0.05). Nitrite production was inhibited to 
control levels when l-NMMA was coadministered with the 
cytokine mix (IL-1/3 + TNF-a + l-NMMA. 13.69 ± 2.48 
nmol/mg protein). In the RAP-PCR-puttern obtained using 
primers N3 and N4 that have a 100% homology to the iNOS- 
cDNA over a length of 21 bp, approximately 30 cDNA frag- 
ments between 400 and 1000 bp in size were detected (data not 
shown). As expected, the most prominent band of 464 bp 
represented iNOS-cDNA as verified by sequencing. This band 
was not amplified from cDNA of control MC but was clearly 
visible when cDNA from cytokine-treated MC was used a 
template. Furthermore, in accordance with data from Miihl and 
Pfeilschifter (10), who described a potentiation of iNOS ex- 
pression by NO in MC, the signal was clearly diminished when 
NO production of cytokine-treated MC was inhibited by the 
NOS inhibitor l-NMMA (Figure 1A, bottom panel). Compared 
with the band representing iNOS-cDNA. a band of approxi- 
mately 680 bp showed an opposite pattern The signal visible 
m controls disappeared on cytokine treatment and was restored 
when NO production was inhibited (Figure 1 A. top panel). The 
DNA band was excised, reamplified, cloned, and sequenced. 
I'smg computer-aided search tools in the DDBJ/EMBL/Gen- 
Kank databases, the DNA fragment wa^ identified as the 
SPARC cDNA recently cloned by Lee ct <; ; < unpublished data) 
es Mon no. D28875) and Liao a at 2-* ■ (accession no. 
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Y 13714). The NO-dcpendent regulation of SPARC and iNOS 
mRNA was verified using Northern blotting of total RNA of 
MC treated w ith cytokines or cytokines + l-NMMA in exper- 
iments that were performed independently from those used to 
obtain mRNA for RAP-PCR (Figure IB, lop panel i The ex- 
pression patterns for iNOS and SPARC did not differ trom 
those obtained in controls when l-NMMA was admuusiered 
alone to MC without cytokine treatment (data not shown) The 
same blots, hybridized against an iNOS probe, resulted in the 
pattern expected for cytokines and NO-dependent iNOS ex- 
pression (10), confirming the opposite effects of NO on iNOS 
and SPARC mRNA expression (Figure IB, middle panel). In 
further experiments we used the specific iNOS inhibitor l NIL 
instead of l-NMMA and observed a comparable reversal of 
SPARC downregulation by cytokines (Figure 1C). 

MC were treated with IL-1/3 + TNF-a for different time 
periods to examine whether the effect of NO on SPARC 
mRNA levels correlated with the time course of iNOS expres- 
sion. Reduction of SPARC mRNA steady-state levels was 
significant after 8 h (77.6%) and was more pronounced at 24 h 
(37.9%) (Figure 2). This downregulation was accompanied by 
an increase of iNOS mRNA and formation of nitrite measured 
in the culture medium (data not shown). Further experiments 
showed that the amount of NO produced by MC treated with 
IL-1/3 alone was sufficient to trigger downregulation of 
SPARC mRNA levels (Figure 3, lane 3). Therefore, TNF-a 
was omitted as a coinducer of iNOS during the following 
experiments. 

To address the question of whether NO-dependent reduction 
of SPARC mRNA levels is followed by a downregulation of 
SPARC protein, immunoblot analysis of SPARC protein levels 
was performed. MC were treated with IL-1/3 or IL-1/3 -f 
l-NMMA for 24 h, and protein extracts were used for Western 
blot analysis. To determine whether exogenously added NO 
also triggers SPARC expression, MC were also treated with the 
NO donor eV-nitroso-/V-acetyl-D,L-penicilIamine (500 jxM) 
alone or in combination with IL-1/3 (Figure 4). iNOS protein 
expression was comparable to data published by Muhl and 
Pfeilschifter ( 10). who demonstrated an augmentation of cyto- 
kine-induced iNOS expression by NO (Figure 4). SPARC 
protein expression was diminished to 51.4% by IL-1/3. This 
effect was reversed by l-NMMA to 97.1%, suggesting that 
downregulation of SPARC protein by IL-1/3 occurs in an 
NO-dependent manner (Figure 4). Furthermore, the NO donor 
S-nitroso-A'-acet) I -o.i -penicillamine diminished SPARC pro- 
tein levels to 54 4 c t when compared to control cells and further 
reduced SPARC protein levels to 25.9% when administered in 
combination with II - 1/3 (Figure 4). 

In previous Mudies. we have shown that cAMP acts as a 
strong inducer <>l i\OS expression in MC (7,25). There! ore, 
we also examined the effects of the membrane-permeable 
cAMP analogue A^/^-2'dibutyryladenosine 3 \5' -phosphate 
(Bt 2 cAMP) o:i SPARC expression in the absence or presence 
of increasing c< k e:;:rations of the NOS inhibitor i -NMM A tor 
24 h. In a man-. ■■ ..nnparablc to IL-1/3. BUcAMP (5 mMj 
reduced SPARt •■ k\\\ levels by 59% when compared with 
untreated con': . : Figure 3). This effect was rc\ ei -e.l h\ 
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Figure /. Detection ot cytokine-induced downregulation of SPARC (secreted protein acidic and rich in cysteine) by RNA arbitrarily primed 
PCR (RAP-PCR) and Northern blot. Radiolabeled transcripts obtained from RAP-PCR were separated on a 6% sequencing gel. The parts of 
the autoradiogram, which represent transcripts of inducible nitric oxide synthase (iNOS) {464 bp) and SPARC (680 bp) from mesangial cells 
(MC) treated us indicated are shown in Panel A. Verification of SPARC regulation in MC by Northern blot using the cloned and radiolabeled 
SPARC fragment as well as the iNOS fragment of pM AC NOS is shown in Panel B. Equivalent loading of the RNA probes was corrected after 
rehybridi nation of the tiller with a probe for GAPDH. The effects of the specific iNOS inhibitor (iminocthyl) lysine dihydrochloride 

(l-NIL) on cytokine-induced SPARC mRNA levels is shown in Panel C. mRNA levels were expressed as relative units (SPARC/GAPDH) 
controls ^ 100'f (n - 3) *P < 0.05 versus control and interleukin-1 j3 (IL-1/3) + tumor necrosis factor- a (TNF-a) + M ; -monomethyl-L- 
arginine (r -NMMA). 



l-NMMA in a dose-dependent manner with complete restora- 
tion of SPARC mRNA levels observed using 3 mM i -NMMA, 
a concentration that completely inhibited NO formation (data 
not shown). Coincubation of MC with IL-lj3 and Bt,cAMP (1 
mM) resulted in a threefold amplification of nitrite production 
compared to cells treated with Bt 2 cAMP alone (Figure 3). 
Concomitantly, a more pronounced downregulation of SPARC 
mRNA was observed (21.8%), which was partially reversed in 
the presence ot 3 mM i -NMMA to 74%. SPARC protein levels 
were also diminished by Bt 2 cAMP in an NO-dependent man- 
ner (Figure 5 ) 

To test whether the downregulation of SPARC is mediated by 
a direct action <»f NO or by activation of guanylyl cyclase, MC 
were treated tor 24 h with different concentrations of the NO 
donor DETA-NO <(Z)- 1 -[2-(2-aminoethyl)-A-(2 -ammonioeth- 
yl)amino]dia7en- I -ium- 1 ,2-diolate), as well as with the mem- 
brane-soluble lOMP derivative 8-bromo-cGMP. A concentra- 
tion-dependent downregulation of SPARC mRNA in DFTA- 
NO-treated \1< was observed (Figure 6A). In contrast, even 
high animus ot 8-bromo-cGMP (1 mM) had :i< . ttcct on 
SPARC mRV\ expression, suggesting that the iccuhition of 
SPARC ocv.uf independently of NO-mediated atu>n of 
guanylv! c i Figure 6C). 



To evaluate whether our observations from cell culture ex- 
periments could be confirmed in vivo, rats were treated for 
different time periods with bacterial LPS, a potent inducer of 
endogenous NO formation (26). In another group of animals, 
NO formation was blocked by l-NIL, a highly selective inhib- 
itor of iNOS activity (22). Infusion of LPS (10 mg/kg intrave- 
nously) produced a significant fall in mean arterial BP (Tabic 
1). However, treatment of LPS rats with l-NIL significantly 
attenuated the hypotension caused by LPS after 4 h (Table 1). 
Treatment of rats with either LPS alone or with LPS plus l-NIL 
did not have a significant effect on heart rate (Table 1). 

Subsequently, the levels of iNOS and SPARC protein from 
whole kidneys were analyzed using Western blotting. iNOS 
protein was detectable after 2 h of LPS treatment, and the 
induction of iNOS was paralleled by a decrease in SPARC 
protein levels, whereas SPARC protein levels were unchanged 
in kidneys from LPS-rats treated additionally with l-NIL (Fig- 
ure 7). 



Discussion 
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Figure 2. Time course of cytokine- mediated SPARC and iNOS ex- 
pression. MC were maintained serum- free for 24 h and then treated for 
different time points as indicated Total RNA was subjected to North- 
ern blotting against cDNA probes for iNOS and SPARC. Equivalent 
loading of the RNA probes was corrected after rehybridization of the 
filter with a probe for GAPDH. iNOS mRNA levels were detected, 
visualized (A), and evaluated (B) using the automated detector system 
BAS 1500 of Fuji film (Raytest, Straubenhardt, Germany). mRNA 
levels for SPARC were corrected with mRNA levels for GAPDH and 
expressed as percentage of controls iB). The data shown in Panel B 
represent means ± SD of three independent experiments. *P < 0.05 
versus control; **P < 0.01 versus control 



(28-30), there is increasing evidence that NO can also act as an 
important mediator of gene expression (10,11,29,31-35). 
Therefore, we propose that in MC. NO participates in the 
pathologic changes in the mRNA expression of several genes 
during glomerulonephritis T> -:ud> the effects of endog- 
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Figure 3. Effects of cAMP-induced NO generation on SPARC mRNA 
steady-state levels. Quiescent MC were treated as indicated for 24 h. 
Total RNA was electrophoresed in an agarose gel and blotted onto a 
nylon membrane. The blot was hybridized against radiolabeled 
SPARC cDNA. Equivalent loading was determined by rehybridiza- 
tion against GAPDH. Visualized data (one of three independent 
experiments) are shown in Panel A. Computer-based evaluation of the 
intensities of SPARC versus GAPDH of three independent experi- 
ments is shown in Panel B. *P < 0.05 versus control; **P < 0.01 
versus control; #/> < 0.05 versus cAMP 4- /L-/j3 alone; w < 0.01 
versus cAMP - IL-lj3 alone; s/> < 0.05 versus cAMP alone; §§p < 
0.01 versus cAMP alone. 



enously produced NO in cultured MC, we used a modified, 
low-stringency RT-PCR protocol originally described as RAP- 
PCR and compared the gene transcription patterns of cytokine- 
exposed MC in the presence or absence of the NOS inhibitor 
l-NMMA. Our modification was related to the use of gene- 
specihc primers. The specific cDNA fragment serves as a size 
marker and as a standard for comparison of different expres- 
sion patterns. Thus far, we have used five different gene- 
specific primers that amplify cDNA for rat iNOS. GAPDH, 
xanthine oxidase, vascular endothelial growth factor, and basic 
fibroblast growth factor under stringent conditions. Twelve 
cDN \ -hat obviously reflect NO-dependent gene expression 
were : under examined. On the level of mk\ \ expression, 
NO !e:v!:;lent regulation of seven genes tha* ^mu homology 
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Figure 4. Effects of endogenous and exogenous nitric oxide (NO) on 
SPARC and iNOS protein levels. Quiescent MC were treated as 
indicated tor 24 h. Protein was separated on sodium dodecyl sulfate- 
polyacryl amide gel electrophoresis and immunoblotted using iNOS- 
and SPARC-specific antibodies. Blots were developed using the en- 
hanced chemilumincscence system (Amersham-Buchler) f A), and the 
intensities of the bands representing SPARC (43 kD) and iNOS 
protein (130 kD) were evaluated using densitometry (B). Data in 
Panel B are means ± SD obtained in three different experiments. 
*P < 0 05 versus control; **P < 0.01 versus control; " < 0.05 for 
IL-lfi - i-NMMA versus 1L> I $ alone. 

to known sequences in commonly used databa^ was verified 
usin^ Northern blotting. Reamplification, cluning. sequencing, 
and dat.ibase searches of one excised kind <>l 6X0 bp that 
showed ,i reverse transcription pattern comparable to iNOS 
resulted m the identification of the regulated transcript as 
SPAR! !>V\ 
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Figure 5. Modulation of SPARC protein expression by cAMP. MC 
were grown to subconfluence in ]0-cm dishes, maintained serum-free 
for 24 h, and then stimulated with the membrane -permeable cAMP 
analogue A*\0-2'dibutyryladcnosinc 3 ',5 '-phosphate (Bt 2 cAMP) (5 
mM) and the indicated concentrations of l-NMMA for an additional 
24 h. Cellular protein was then subjected to Western blot using 
SPARC- and iNOS -specific antibodies (A). The results of the densi- 
tometry evaluation ot three independent experiments are shown m 
Panel B. **P < 0.0 1 versus control; ** p < 0.01 versus cAMP alone. 



In the kidney, SPARC expression is transiently enhanced as 
exemplified during anti Thy 1.1 -mediated glomerulonephritis 
(14), in a subtotal nephrectomy model (36), and during inter- 
stitial fibrosis as observed in a model of Heymann nephritis 
(37). In glomerular MC. SPARC acts as an autocrine or para- 
crine inhibitor of P! )< ; I- -mediated proliferation (14). In human 
dermal fibroblasts, binding of SPARC to the B-chain of Pf)(if ; 
is probably the nu\:;jinsni responsible for inhibition of the 
PDGF responses - F he characterization of SPARC ai\ 
anti-milogenic fach : invests a role in resolution of interstiti.il 
fibrosis in passr. nunn nephritis or resolution ot \T( 
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/V^wrf 6. Effects ofDETA-\() and cGMP on SPARC mRNA-leveK 
MC thai were maintained scrum free for 24 h were treated with the 
indicated concentrations ot [)l I A-N'O (A and B) or 8-bromo-cGMP 
(C) for an additional 24 h Mf" were harvested and total mRN'A wjs 
subjected to Northern blotun 1 A: Densitometry evaluation of he 
DfcTA-NO effect is shoun ;r Panel B. *P < 0.05 wrw/.v control 
**P < 0.01 rerjwj contm; [.■.:;., (mean ± SD) represent three inde- 
pendent experiments 



proliferation in Thy 1.1 glomerulonephritis. Because NO pro- 
duction is a crucial event in (he course of Thy 1.1 glomerulo- 
nephritis (1,3). this funhcr strengthens the role of NO in 
mediating the balance between MC proliferation and apoptosis 
(39). Pichler et ai. (14) also reported that SPARC protein 
expression in glomeruli is reduced at day 2 of Thy 1 . 1 glomer- 
ulonephritis when maximal NO expression occurs (3). More- 
over, the recovery of SPARC peaks at day 5 of Thy I 1 glo- 
merulonephritis (14), a time point when iNOS expression has 
vanished (3). 

Two different pathways have been described that indepen- 
dently lead to the induction of iNOS transcription in MC (7). In 
this study, we show that an enhanced formation of NO in 
response to cAMP or IL-l/3 produced a downregulation of 
SPARC mRNA and protein. The fact that the effects of both 
cAMP and IL- 1/3 were reversed by l-NMMA suggests that NO 
is the mediator responsible for the observed downregulation of 
SPARC. In accordance with our previous report (10), we 
observed here that the expression of IL- 1 0-induced iNOS 
protein was downrcgulated by i -NMMA (Figure 4). However, 
in contrast to SPARC, which can be downregulated by NO 
alone, modulation of iNOS expression requires additional IL- 
1 j^-triggered signals. 

Regulation of SPARC expression appears to be very com- 
plex and displays species- and cell-specific specificity, as well 
as developmental control features, and includes transcriptional 
and posttranscriptional mechanisms (reviewed in reference 
(13) Although the murine, bovine, and human SPARC genes 
and their 5' flanking regions have been cloned and character- 
ized, the transcriptional regulation of SPARC is not yet fully 
understood. NO has been shown to influence the action of 
redox-sensitive transcription factors {e.g., NF-kB and AP-1) 
(reviewed in reference (29). However, corresponding transcrip- 
tion factor- binding sites in the SPARC promoter regions of 
different species, to our knowledge, have not yet been identi- 
fied. Future studies are needed to elucidate the role of NO in 
transcriptional and posttranscriptional regulation of SPARC 
expression in mammals. 

The in vivo relevance of our data has been tested in a rat 
model of endotoxemia. Administration of LPS produced a 
significant decrease in MAP after 4 h, and as described previ- 
ously (35), LPS also induced iNOS expression in whole kid- 
neys in a time-dependent manner (an effect that was accom- 
panied by a decrease in the protein levels of SPARC) (Figure 
7). Treatment of the rats with the selective and specific iNOS 
inhibitor i.-NIL both attenuated the LPS-mediated hypotension 
and reversed the reduction of SPARC expression, suggesting 
that this effect is indeed mediated by endogenously produced 
NO. Based on our results in MC that arc strengthened by the 
endotoxemia model, additional experiments are in progress to 
cwiluatc whether NO-mediated change^ in SPARC expression 
are implicated in experimental forms ol glomerulonephritis. 
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Table I. Effects of LPS and l-ML on MAP and HR in anesthetized rats J 



Group Baseline 30 min I h 2 h 4 h 



LPS + saline 

MAP(mmHg) 122 ±15 81 * 5 b 94 - 8 b 104 - 8 L 85 i_ f 

HR (beats/min) 381 ± 37 372^27 388 1:32 , 388 * 53 429 .-42 
LPS + l-NIL 

MAP(mmHg) 126 - S 93 ± 4 b 103 ± 13' 106 ± T 101 - S ti! 

HR (beats/min) 377 - 31 410 ± 27 398 ± 33 403 ± 70 413 : IS 

J Rats received an intravenous injection of either LPS alone or LPS plus the selective iNOS inhibitor l-NIL. MAP and HR was 
measured at baseline and then 30 min. and L 2. and 4 h after LPS administration. Data are represented as mean ± SD. LPS, 
lipopolysaccharide; L-NIL, L-A^-l (iminoethyi) I v sine dihydrochloride; MAP. mean arterial blood pressure; HR. heart rate; iNOS. inducible 
nitric oxide synthase. 

h P < 0.01 versus baseline value. 
P < 0.05 versus baseline value. 

J P < 0.05 versus LPS treatment. 
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Figure 7. NO-mediated downregulation of SPARC protein expression 
in whole kidneys in a model of endotoxemia in rats. Wistar rats were 
treated with lipopoly saccharide (LPS) or LPS ^ i -NIL for the indi- 
cated time points. The animals were sacrificed and the kidneys were 
removed. Total protein extracts were subjected to Western blotting 
against iNOS and SPARC antibodies as indicated. 
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Abstract Thirty -three osteosarco- 
mas at various grades of histologic 
differentiation, including chondrob- 
lastie, osteoblastic, and fibroblastic 
variants, were investigated immuno- 
histochemicai ly for evidence of os- 
teonectin. Twenty-two cases of vary- 
ing types of osteosarcoma were ex- 
amined with in situ hybridization for 
mRNA expression of osteonectin. 
Immunohistochemically, osteonectin 
was present in all the osteosarcomas 
in this study. With in situ hybridiza- 
tion, 12 out of 22 osteosarcomas 
showed a positive signal. Two osteo- 
chondrosarcomas, seven chondrosar- 
comas, and one mesenchymal chon- 
drosarcoma were also studied with 
regard to the localization of os- 
teonectin, either immunohistochemi- 



cally or by in situ hybridization. Im- 
munohistochemically, osteonectin 
was present in all the chondroid le- 
sions except for one osteochondro- 
ma. However, in situ hybridization of 
osteonectin mRNA was negative in 
all the chondroid lesions we studied. 
This study revealed that immunohis- 
tochemicai localization of osteonec- 
tin is not useful in providing conclu- 
sive diagnosis of osteosarcoma. In 
situ hybridization of osteonectin 
mRNA might be useful in differenti- 
ating osteosarcoma from nonosteo- 
genic bone tumors. 

Key words Osteonectin • 
Osteosarcoma ■ In situ hybridization • 
Immunohistochemistry 



Introduction 

Osteonectin (ON) is a bone-specific, phosphorylated gly- 
coprotein with a molecular weight of 32 kDa [1|. It ac- 
counts for approximately one-fourth of all noncollage- 
nous bone matrix proteins, which in turn make up M) r r 
of the total protein content of the bone matrix. The name 
"osteonectin" is derived from the affinity of this protein 
for the collagenous bony constituents of the matrix and 
for the mineral hydroxyapatite [2\. Osteonectin is pro- 
duced by the osteoblast and has been demonstrated im- 
munocy toe hemic all\ in active, bone-matrix-producing 
cells (osteoblasts and young osteocytes) but not in dor- 
mant osteocytes or inactive superficial endosteal ,clK 
[3]. For this reason, osteonectin can be regarded as a 
marker in the differentiation of bone-forming cells, jnd it 
was therefore logical to test its marker characteristics wi 
bone-forming tumor cells [4], 



Diagnosis of osteosarcoma becomes difficult, howev- 
er, if the tumor shows no matrix production, or if matrix 
production is scanty and hard to recognize. This problem 
arises in particular if the diagnosis has to be established 
on the basis of a small biopsy, as has recently been pro- 
posed in most of the limb salvage procedures. In such 
cases, demonstration of osteonectin by immunohisto- 
chemicai or in situ hybridization methods would be im- 
portant and helpful, in addition to purely morphologic 
criteria, for establishing the osteoblastic origin of a tu- 
mor. 

We investigated the presence >>! osteonectin in tissue 
sections obtained from prima; \ h->ne tumors, using im- 
munohistochemistry and in situ n;. ^ndi/ation to evaluate 
the usefulness of this protein a- .: diagnostic marker of 
osteogenic tumors. 
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Materials and methods 

Thirty-three osteosarcomas in \anoa^ siages of differentiation 
Irom patients were studied ru ;rnnuj ^histochemistry. The tu- 
mors were subtyped according m their main component as osteo- 
blastic, chondroblastie. and lornhhsiic Twenty -two osteosarco- 
mas from 20 patients \^ere studied b\ in situ hybridization for mR- 
NA expression of osteonectin Se\en chondrosarcomas, one mes- 
enchymal chondrosarcoma, and two osteochondromas were also 
studied by immunohistochem^try and in situ hybridization for Os- 
teonectin mRNA. 

The antibody tor osteonectin was obiained from Hematologic 
Technologies Inc. (Pinewood Pla/a. l-sscx. Vermont). It was a 
mouse monoclonal kG and could recognize human and bovine 
bone osteonectin. 

An osteonectin antisense ohgo-DNA probe was synthesized. 
This was a 50-mer complementary to the human mRNA sequence 
that begins with nucleic acid 1232 [5]. It was 5' TGT GTT TAA 
C.C.C AGA GGC CGA CAG ATC CGT GTC C AC CCA TGT 
GCC A AT A A 3'. 



lmmunohistochemical method 

Immunolocalization was performed using a streptavidin-biotin im- 
munoperoxidase method, as previously described (DAKO LSAB 
kit, Carpinteria, California). Briefly. 6-um paraffin sections were 
fixed to silanized slides (DAKO. Carpinteria, California) and 
dried. After dcparaffinization and rehydration, the tissue sections 
were incubated for 5 min with a 3'r hydrogen peroxide and block- 
ing reagent. The sections were exposed to the primary antibodies 
{ 1:200 working dilution with DAKO antibody diluent) for 30 min 
at 37 U C. After washing with Tris-buflered saline (DAKO). biotin 
ylated link antibody was applied tor LS min. followed by streptavi- 
din peroxidase for an additional 10 min. Color development was 
performed with substrate-chromogen {.Vamino-9-cthylcarbazolc) 
solution for 10 min. 



In situ hybridization 

A :5 S-ATP-labelcd single-stranded antisense for cDNA was pre- 
pared with terminal deux ynuc lent id y I transferase using a NEP-MM) 
labelling kit (Du Pont, Boston. M A >. The ^STabeled probe was 
used for hybridization at a concentration of 5.6 kcpm/ml. Treat- 
ment of the slides and hybridization conditions were as described 
elsewhere |6], with our own modification. After hybridization, the 
sections hybridized with osteonectin were treated with 10 mg/ml 
RNase in 5 M NaCl. 1 M Tns. pi I SO, 0.5 M EDTA at 37 C C for 
30 min. Sections were washed tw ice in 2xSSC, once in lxSSC. 
and once in 0.5xSSC. They were then dehydrated in graduated 
ethanol and dipped in NTB-2 emulsion (Eastman Kodak, Roches- 
ter, New York) diluted 1:1 w ith pure water. The dipped slides were 
placed in a well-ventilated area for 1 h to dry at room temperature, 
and were exposed at 4° C in dedicated slide boxes. The exposed 
slides were developed in a D- 1 L > developer for 5 min at room tem- 
perature, fixed in a fixative tor ^ nun. and washed with water for 
20 min. They were counter-stained with hematoxylin and eosin. 



Results 

lmmunohistochemical study <>t osteonectin 

We evaluated the expression osteonectin in paraffin- 
embedded sections obtained nom surgical specimens of 



Table 1 Intensity ot irnmunohistochemu.i! re.^'i^'i ot osteonec- 
tin antibodies in osteosarcomas, and nonosieoger ^ *v»ne rumors 

Diagnosis No of vases Reaction 

intensity 



Osteosarcoma 



OsteobListK 


4/;4 






5^14 






5/14 




Chondrohlastic 


6/10 






4/10 


+++ 


fibroblastic 


:/s 






6/8 




Nonosteogenic tumors 






Chondrosarcoma 


1/7 






3/7 


* + 




3/7 




Mesenchymal chondrosarcoma 


1/1 


++ 


Osteochondroma 


1/2 






i/: 


+ 



various bone tumors (Table 1) using immunohisiochem- 
istry. All the osteosarcomas, of various histologic sub- 
types, reacted positively with the antibody against hu- 
man and bovine osteonectin. The intensity of reaction 
differed, but there were no differences between the tu- 
mor subtypes (Table 1). The classical osteoblastic osteo- 
sarcomas composed of tumor cells and neoplastic oste- 
oid showed grade 1+ to grade 3+ staining intensity in the 
osteoblastic cytoplasm (Fig. 1). The chondrohlastic os- 
teosarcomas with abundant cartilage formation showed 
positive marking of neoplastic chondrocyte cytoplasm at 
variable staining intensities (Fig. 2). The fibroblastic os- 
teosarcomas revealed variable staining intensities in the 
tumor cells (Fig. 3). 

Immunohistochemically, scattered giant cells were 
negative for osteonectin antibody. Seven grade 11 chon- 
drosarcomas were studied. One showed focal grade 1 + 
slaining in the cytoplasm of the neoplastic chondrocytes, 
three revealed grade 2+ staining intensity, and the re- 
maining three showed grade 3+ intensity in the cyto- 
plasm of the neoplastic chondrocytes. Of the two osteo- 
chondromas, one showed focal positive reaction in the 
cytoplasm of chondrocytes and the other was negative. 
One mesenchymal chondrosarcoma showed grade 2+ 
staining intensity in neoplastic chondrocytes. The hem- 
angiopencytomatous area of mesenchymal chondrosar- 
coma showed grade 2+ staining intensity. 

In situ hybridization of osteonectin mRNA expression 

Of the ; 4 cases of osteoblastic osteosarcomas, eight 
were ^cd for in situ hybridization (Tabic 2' f our were 
total!-, -u-gative for the osteonectin signal, one v%as grade 
1*. i i ■ a.i> grade 2+, and two cases were .-Mde 3+ for 
t^;e> \ :i: mRNA expression in the ne^; : -ii. osieo- 
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Fig. 1 Osteoblastic osteosarcoma showing ^rade p«-*iii\:t> lor 
osteonecm in the c\t"plasm of the neoplasia lunior tells. 
i*200) 

Hg. 2 C'huriJruhl.isiie < 'sieosarcoma showing iirjili * posiir. ity 
tor osteciH'i tin "i the idioplasm of the neopl.Ktu . li.Muimi we. 
<x200) 

Fig. 3 Id fibmNastk osteosarcoma, there is dillu-c jude ; * os- 
teonectin mm mm Main i n$! in the tumor eell cvinplasm. ; * .201 n 
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Table 2 In <atu h> bridi/alion results ol various osieos;nauii.is and 
nonosteoix-fih. u»:ie tumors 



listologK i v pe 



Osteosarn mi 
Osteohljv 



Chondr« in . 
FibrohKi -h 



Nonosteoe 
Chondi' 
Mesen- 1 
Osteon ■ 



No. of cases 



'Onlv 



,pu 



'lulnts.irLoma 



4/8 
1/8 
1/8 
278 
6/7 
1/7 
1/7 
5/7 
1/7 

7/7 
1/1 
2/2 



in. ,ts locally positive 



Reaction 
intensity 



blasts (Fig. 4) Among the :en cases of chondroblastic 
osteosarcoma, seven used lor in situ hy bndi/ation. Si\ 
were negative for the osteonectin signal One ease 
showed grade 3+ reaction tor osteonectin niRNA expres- 
sion in t he neoplastic i homlroid area. Seven patients 
with fibroblastic osteosauomu were studied by in situ 
hybridization. One patient was grade i+. live patients 
were grade 2-k and one in mo; showed a grade 3+ signal 
lor osteonectin niRNA opicssion in the cytoplasm of 
neoplastic spindle cells i|-ig s». two osteochondromas 
and seven grade II chondi osteomas were negative for 
the osteonectin signal (>n, n esenchv mal chondrosarco- 



ma showed a negative si-_ 
a focal grade 1+ signal 
area 



ver the cartilage island and 
- hemangiopericytomatous 



Discussion 



Osteonectin is a noiko 
believed to be specif:, 
bone is 5(H) - 11)00 tnn 



; . protein of bone which is 
since its concentration in 
i i Man in other connective 
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Fig. 4 Diffuse grade ^- Naming of ihe neoplastic osteoblasts m 
osteoblastic osteosarcoma :in situ hybridization for osteonectin. 
< HMl) 

Kig. 5 Diffuse prade ^ + reactions of the fibroblastic osteosarcoma 
cells iin situ hybridizaaon lor osteonectin. x400) 

tissues |7]. The functional importance of osteonectin in 
bone is unknown It has been found to have a strong af- 
finity tor calcium hydroxy apatite molecules as well as 
for collagen fibrils, thus linking the two structures |7|. 
Its probable function is to maintain bone structure by 
contributing to the stabilization of the hydroxy apatite 
molecule and to its organization in the fibrillar collagen 
matrix [8], Antibodies against osteonectin have been 
used successfully tor ihc characterization of bovine and 
human bone cell cultures [9, 10]. in a study of dental tis- 
sue [ I 1 |. and in react i\e bone lesions [3). 

Osteoblasts diffei trom other connective tissue cclK 
in their ability to torm bone matrix. ImmunohMochcmi 
cal studies on the localization of osteonectin in fetal ho 
vine [1, i2| and human bone [3, 12] showed that os- 
teonectin was localized to the cytoplasm of osteoblasts 
and osteoprogenitot cells, as well as in young oncocytes 
and newly synthesized osteoid in the bone matrix. It has 
therefore been suggested to be a reliable differentiation 
marker of osteogenic bone cells [3] 

In this study, osieonectin was shown immunohistn- 
chemically to be cvpiessed in all the osteosarcomas, 
whatever their histologic subtype. These results are sunt 
lar to those of previou* studies |2, 7, 13. 14] However 
seven chondrosaru>m r we studied immunohistochemi 
cal ly did react wi:h i h. osteonectin antibody, in the cyto 
plasm of chondriK M."' Of two cases of osteochondroma 
one showed a po*:ti\e reaction for the osteonectin ant; 
body in the cytopia.- n. of chondrocytes. Another iMu« 
chondroma revealed i positive reaction in the osteocsic" 
cytoplasm. One hk l :■. :i> mal chondrosarcoma showed a 
positive reaction n S" the chondrocytes and in heman- 
giopericytomatotiN , r<v Hosse et ah |I3] demonstrated 
positive reaction ;n * chondrosarcoma they studied 



Immunohislochemically. our results in chondrosarcomas 
and osteochondromas are not in agreement with those of 
other workers [3, 4. I4| Chondrocytes in the metaphy- 
seal growth plate also stained positively using antibodies 
against osteonectin. In cartilage, osteonectin was found 
in the mineralizing zone but at a relatively low level in 
resting, proliferating, and early hypertrophic zones, 
where osteonectin was mainly cell-associated [15j IV 
cifiei et al. 1 15| stated that osteonectin was demonstrated 
to be synthesized by cells in both nonminerah/ing and 
mineralizing zones, indicating that osteonectin was pro- 
duced by chondrocytes in each /one. but preferentially 
accumulated in the mineralizing zone. Bianco et al. 1 12), 
Metsaranta et al. |16], and Mundlos et al. |I7] reported 
osteonectin signal in chondrocytes. Serra et al. |I4] 
pointed out that the reported positiviiy lound by other in- 
vestigators in chondrosarcoma, Swing's sarcoma, and fi- 
brosarcoma might be attributed to differences in anti- 
body concentrations and in me immunohistochemical 
methods used. We used a 1:200 dilution ot the primary 
antibody and performed immunohtstochcmistry using 
the streptavidin-biolin imnmnopcroxidase method. We 
used a much higher concentration that others (1:400 | 13] 
and 1:1200 [14]). Thus imnuinohi stochemistry for os- 
teonectin is not a specific diagnostic tool for making the 
diagnosis of osteosarcoma. 

According to our study, of the cases of osteoblastic 
osteosarcoma, half were positive tor the osteonectin mR- 
NA signal with in situ hybridization Oniy one chondrob- 
Listic osteosarcoma was positive out of seven, and all 
seven fibroblastic osteosarcomas u.-re positive for the 
osteonectin mRNA signal. Two o :cochondromas and 
■even grade II chondrosarcomas uov negative for the 
osteonectin signal. In the case of me -enchymal chondro- 
arcoma. the cartilage area was ncgaiive but the heman- 
eiopericytomatous area was posits e :<" the mRNA sig- 
nal. These findings suggest thai > - \ • • • ^ t i n mRNA ex- 
pression does not help to make On d Miosis in osteosar- 
. oma with abundant chondroid t; ,;r However, the os- 
i ■oiiectin mRNA study is helpful r. .king the diagno- 



sis of fibroblastic osteosarcoma in conjunction with his- 
tologic findings. 

In situ hybridization of developing human bones [16] 
and mouse condyles (18) revealed that osteoblasts, cells 
in the periosteum, and hypertrophic chondrocytes ex- 
pressed osteonectin at high levels. In this study we used 
an oligonucleotide probe for in situ hybridization on the 
decalcified bone tissue. 

The differences in osteonectin expression shown by 
immunohistochemical study and in situ hybridization 
may be due to tissue processing. Immunohistochemical 
demonstration of osteonectin expression reveals os- 
teonectin protein itself This may be more stable than the 



mRNA level. During decalcification and fixation, the 
protein lies inside the cells, but the mRNA for osteonec- 
tin may be destroyed by strong acid treatment tor decal- 
cification. 

This study has shown that immunohistochemica] lo- 
calization of osteonectin is not useful in confirming a di- 
agnosis of osteosarcoma. However, osteonectin mRNA 
expression as determined through in situ hybridization 
may be useful in making a differential diagnosis of os- 
teosarcoma. 
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Abstract 

SPARC/Osteonectin Is a major bone-related protein that to 
also present In tioiimiiieralized tissues and in platelets. As 
compared to bone SPARC/Osteonectin, SPARC/Osteonectin 
from platelets presents a slightly lower dectrophoretk mo- 
bility in SDS-PAGE and a 100-fold decreased affinity for a 
unique monoclonal antibody, Mab2 (Malaval et al. 1991). To 
check the ttosolar diversity of SPARC/Osteonectin, protein 
extracts from bovine bone, nonmineralized tissues, and 
platelets were screened by immunobtottiiig and immunora- 
diometrk assay, with Mab2 and three other monoclonal an- 
tibodies recognizing distinct epitopes. The SPARC/ 
Osteonectin secreted by a human osteosarcoma cell line 
(MG63) was also tested. In all the noninlnerallzed tissues 
tested (gut, bone marrow, tendon, mesentery, artera, Kens, 
akin, liver, and cornea), SPARC/Osteonectin presents the 
nine immiinoreactivity and electrophoretk mobility as in 
bone. The heavier molecular weight and Mab2-negatJve form 
present in platelets seems to be unique to this cell type. Os- 
teosarcoma eel extracts and conditioiied ineto give the saine 
results as bone extracts, indicatiiig that the low molecular 
weight and Mab2-positlve form of SPARC/Osteonectin 
present in most tissues does not result from proteolytic cfcav- 
age in the matrix, but to secreted as such. Bone and platelet 
SPARC/Osteonectin present different patterns of sensitivity 
to grycotidases, suggeWive of a difference in /V-giycosytatJon. 
However, these treatments do not affect the decreased affin- 
ity of Mab2 for platelet SPARC/Osteonectin, which is not 
likely to be related to difference in N-gtycosytatJon. 

Key Words: SPARC-^teooectin— Monoclonal antibodies— 
Bone— Platelets. 



secreted protein, acidic and rich in cystein (SPARC), found in 
mouse embryo parietal endoderm (Mason rt al. 1986) and human 
placenta (Swaroop et al. 1988). SPARC/Osteonectin is also se- 
creted by platelets (Stenner et al. 1986). Study of a-granule- 
deficient platelets (Clezardin et al. 1991) as weil as PCR ampli- 
fication of mRNA from megakaryocytes (Villareal et al. 1991a) 
have recently established that osteonectin is present in this cell 
type due to synthesis, and not by uptake from extracellular me- 
dium. The compound name SPARC/Osteonectin takes into ac- 
count the widespread distribution of this protein in tissues and 
organs, as well as its specific accumulation in bone. This highly 
conserved protein is encoded by a single gene in all species 
studied (McVey et al. 1988; Findlay et al. 1988; Swaroop et al. 
1988; Villareal et al. 1989). We have recently developed mono- 
clonal antibodies (Mabs) raised against bovine bone SPARC/ 
Osteonectin (Malaval et al. 1991). One of them, Mab2, presents 
a 100-fold lower affinity for SPARC/Osteonectin from platelets. 
Platelet SPARC/Osteonectin also exhibits a slightly lower elec- 
trophoretic mobility than SPARC/Osteonectin from bone (Kelm 
& Mann 1990; Malaval et al. 1991). Thus, despite the RNA 
transcript identity of SPAROOsteoncctin in human bone and 
nonmineralized tissues (Villareal et al. 1989), and the identity of 
mRNA size in human bone and platelets (Villareal et al. 1991a), 
structural differences exist between secreted proteins. To assess 
the extent of this variability, we have screened SPARC/ 
Osteonectin in platelets, nonrnineralized tissues and in an in vitro 
bone cell model, with four Mabs recognizing four distinct 
epitopes, using immunoblotting and inunuraradiooKtric assay 
(IRMA). To further describe the differences that exist between 
the two forms of SPAROOsteoncctin, we have studied the in- 
fluence of the carbohydrates moieties on the immunoreactivity of 
the Mabs and tested the ability of platelet SPARC/Osteonectin to 
bind to hydroxyapatite. 



Introduction 

Osteonectin (Mr = 30.000) is one of the major noncollagenous 
proteins of bone tissue. This rAosphoglycoprotein presents a 
high affinity for hydroxyapatite and type I collagen (Terrnine et 
al. 1981a; 1981b). Although it was originally believed to be 
specific of bone, further works (Wasi et al. 1984; Tung et al. 
1985; Young et al. 1986; Malaval et al. 1987) have shown its 
presence and synthesis in many nonmineralized tissues. Os- 
teonectin was found to be identical to a 43-kD protein secreted 
by bovine aortic endothelial cells when subjected to cellular 
stress (Sage et al. 1984), to BM-40, extracted from a mouse 
Englebreth-Holm-Swarm rumor (Dziadek et al. 1986) and to 



Materials and Methods 

Extraction of bone and nonmineralized tissues 

Bovine long bone was dissected from preterm fetuses Human 
bone was a femur from a 20-year-old man who died in an acci- 
dent. Material secreted by human platelets, obtained after throm- 
bin stimulation of concentrated pools as previously described 
(Clezardin et al. 1988), was a gift of Dr. P. aezardin, Inserm 
U331 , Lyon, France. Bovine bone SPARC/Osteonectin was ex- 
tracted in denaturing conditions, according to Terrnine et al. 
(1981a), as described previously (Malaval et al. 1987). Briefly, 
fresh bone was powdered in liquid nitrogen, rinsed in distilled 
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S (Dannsttdt. Gem-ny). After centrifugal, the super- 
^iTsecond extract, conuining bone ptotems, w^scon- 
Snied by lutraKtration. desalted, and ^ f^ 0 *"^ 
3U tissues were dissected from preterm calf 
SSon w« performed in denaturing cc*d*KH* ■ . 
iu _ djoride medium containing protease inhibitors (see above). 
Z e^ wSconcentrated. desalted, and lyopmlized as de- 
scribed for bone extracts. 

PwHcaikm of bote and platelet SPAR C/Osteonectin 

Purification of bovine bone SPARC/Cfcteonectin was achieved 
™mitting the extracts to replied ion-exchange ^hrotmjog- 
rachv on DEAE sephacel equilibrated in 7 M urea, 50 mM Tns, 
X 7 4 el uted wUha 0. WJ.26 M NaCl gradient. and gel filtra- 
Cch^matography on Seplurose CUB in 4 M guamdium 

purchased by Pharmacia (Uppsala. Sweden . Thepunty ofiso- 

protein was checked by TJ^^ -J^hiSK 
DolyacryUmide gel electrophoresis (SDS-PAGE) performed ac- 
cStoSch£ger and Jagow (1987) using 7.3/3 scparaung 
SKrflfJre gives the percentage of total acrylarmde in 
£ Stu« and the second figure gives the percentage of 
SL™SSe versus total acrylamide) and 4/3 I stacking gels. 
Set were run in a miniprotein cell (Bio-Rad. R«hmond CA 
USA) under 100 V at room temperature using a Tns 0.2 M. pH 
8 9 as an anode buffer and a Tris 0. 1 M. Tncine 0. 1 M pH 
8.25, as a cathode buffer. All chemicals were obtained from 
Merck, except for Tricine which was purchased from Serva 
(Heidelberg, Germany). 

Human platelet SPAROOsteonectin was purified as pevi- 
ously described (Clezardin et al. 1988). Briefly, human platelet 
eSfw^re dudyzed against a Tns/urea buffer »^«* 10 
the same steps of chromatography as desenbed above As 
SPARC/Osteonectin concentration in the extracts was yanable 
low. fractions were screened with the polydomd 
antiserunvbased radioimmunoassay (RIA) prey.ously desenbed 
(Malaval et al. 1987). Purified bovine bone sialoprotein was a 
gift of Dr. C. Chenu, Inserm U234, Lyon. France. 

Isolation of bovine platelets 

Bovine btood (6 vol) was drawn into acid/ctote/dex^ an^ 
coagulant (I vol). The blood was centnfuged for 20 nun at lot) 
gtoobtain platelet-rich plasma. Platelets were pelleted by cen- 
uifugauon at 1200 g for 15 min, and the pellet w» washed three 
times in Tyrode's buffer (140 mM NaCI, 3 mM IKC1, 12 mM 
SaHCO,, 4mM NaH 2 P0 4 , 1 mM MgCl 2 , 5.5 mM glucose. pH 
7») containing 0.35% BSA. 5 mM Hepes. 10 u.l/ml apyra* 
and 50 U/ml heparin. After centrifugation, the pellet was washed 
in Tyrode's buffer without heparin and platelets were finally 
resuspended in Tyrode's buffer containing 2 uJ/ml of apyrasc. 

Monoclonal antibodies 

The production and characterization of a library 
SPARC/Osteonectin have been previously desenbed (Malaval et 
al 1991). Briefly, male Balb/Craice were iramunized wrti deg- 
radation products of bovine bone SPAROOsteonectin. Twelve 
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of the hvbridomas produced by die fusions were selected and 
ascites. tEmEw« purified from «-">*»-- 
Protein A-Sepharose column (Pharmacia, Uppsala, Sweden) 
Four distinct epitopes, or groups of epitopes, on SPARC/ 
Osteonectin were recognized. Raising, producing, and punfyuig 
Sse antibodies were performed in Cis-Bioir^es (Bagnols- 
sur-Ceze. France). Titration of Mabs was performed by RIA. as 
described in this section. 

Cell cultures 

MG 63 human osteosarcoma cell line was purchased from Flow 
Laboratories (Puteaux. France). Secretion of osteocalcin and 
SPAROOsteonectin. as well as stimulation of osteocalcin secre- 
tion by 1,25-dihydroxyvitamin D3. were previously assessed on 
5** i cells (Gilbert et al. 1989). Cells were grown ito. confUjency 
Sml flasks (Falcon, Oxnard, CA, USA) in RPM1 medium 
c^uining 10% fetal calf serum (PCS). 1* glutamme. and 1% 
streptomycin-penicillin. Cells were then trypsincd. nnsed in 0 
SBHmM TfCS and transferred to 250-ml flasks. These cells 
wereWnTn a FCS-free RPMI medium for four days^ On *e 
fourthly, the culture medium was removed, aliquot^ and 
frozen. Cell lysis was performed by sonicating sus^mJed cells in 
PBS buffer. All chemicals were purchased from Gibco (Paisley. 
Scotland). 

lodination procedure 

Bone SPAROOsteonectin. platelet SPAROOsteonectin, bovine 
bone sialoprotein and Mabs were iodinated with the chloramin T 
Sod.Rve micrograms of purified SPAROOsteonectin j were 
Abated in PBS 0.1 M with 0.5 mCi of ,M I in 0.4 mg/rrd of 
chloSmin T. The reaction was stopped by adding sodium 
nSubisulfite (0.5 mg/ml in PBS 0 1 M). Wh-edpj»jj 
separated from free iodine by gel filtration on sephadex G 25 (PD 
!S». Pharmacia, Uppsala, Sweden). Mate > we« : jodmted 
by the same method using 0.1 mO of "I foi r 1C I u-g of pwfied 
Mab (Mab2: 4 nCi/u.g; Mab3: 28 uCi/u-g; Mab6: 12 uCi/u-g, 
Mabl2: 17 u.Ci/|i.g). 



Immunoassay for SPAROOsteonectin 

The amounts of SPAROOsteonectin in tissue extracts were as- 
sessed with two immunoassays. A competitive liquid phase ta- 
dio.mmunoassay was previously developed ^J^iSi 
clonal antiserum raised against *™J™J ¥/ ^£™^ 
(Malaval et al. 1987). This assay, performed in e^Uir^ con 
ditions. gives a typical linear range from 10 ng/ml to 100C ng/ml 

of SPAROOsteonectin. , m w»v .«;„„ m,»« 

A sandwich iinmunoradiornetnc assay (IRMA) using Mabs 
directed to bovine bone SPAROOsteonectin and crossing 
wuh human bone SPAROOsteonectin has been recently; tevel- 
oped (Malaval et al. 1991). Solid phase helices coated wtft 
E 3 £fustinc»batedmas^ 
20 mM CaCU, 0.03% sodium azide) containing 1% BSA w»n 
either bovine bone SPAROOsteonectin standard or samples^ Af- 
ter three rinses in distilled water, the helices are further incubated 
with a iodinated antibody directed to another epitope 
Radioactivity bound to the helices after three rinses jni lotted 
water is assessed on a gamma counter (Riastar. Packard Instru- 
cts Company, Downers Grove IL. USA) j^j* s-npku 
assessed with two tracers. The first one. ,I3 1-Mabl2. tamfc 
equally to bone and platelet SPAROOsteonectin. The second 
one '^l-M^ presents a 100-fold lower affinity for platelet 



C. Matllvd et al.: SPAROOstconectin tnd noaminentod tissues 

SPARC/Osttoncctin than for bone SPAROCHteooccun (Malaval 
etal. 1991). 

Immtmoblotting 

Aliquots of lyophilized tissue extracts or cell culture conditioned 
medium were dissolved in electrophoresis buffer and subjected 
to Tricine SDS-PAGE on a 7.5/3 polyacrylamide gel (Sharper & 
Von Jagow 1987). Electroblotting of these samples onto nylon- 
nitrocellulose membrane (Hybood-C-extra, Amersham, UK) 
was performed according to Towbin et al. (1979). with modifi- 
cations. Nitrocellulose strips were then saturated for 1 h at room 
temperature in a Tris/calcium buffer (50 mM Tris/HCI, pH 8, 20 
mM CaCl 2 , 0.03% sodium aztde) containing 5% bovine serum 
albumin (BSA). The strips were incubated with labelled Mabs in 
buffer containing 1% BSA (activity: 500.000 qwn/stnp) for 1 2 
hours at room temperature then rinsed (6 x 10 minutes) in Tns 
buffer saline (20 mM Tris. pH 7.4, 0.3 M NaCl) containing 
0 05% Twecn-20. Autoradiography plates were exposed to the 
strips for 24 h at ~70°C before development. 

Hydroxyapatite binding 

Plastic tubes received I mg of hydroxyapatite (type IV, Sigma, 
St Louis, MO, USA) and 0.4 ml of Tris buffer (50 mM Tns/ 
HCI 0 15 M NaCl; pH 8) containing 100,000 cpm of lodinated 
SPARC/Osteonectin (10 u£i/u.g). In some assays, BSA (0.2 to 
2 mg/ml) was added as a competitor. The tubes were incubated 
for 90 min at room temperature with constant stimng, centn- 
fuged and decanted. The activity of supernatants and pellets was 
measured on a gamma counter (Riastar, Packard Instruments 
Co., Downers Grove, IL, USA). 

Enzymatic deglycosylation 

SPARC/Osteonectin purified from bovine bone and human plate- 
lets was treated with endoglycosidase F (Endo F) and glycopep- 
tidase F (PNG F). two endoglycosidases active on AMinked I oli- 
gosaccharides of glycopeptides with different specificities; PNG 
F cleaves all the AMinked oligosaccharides except those attached 
to an N or C-terminal asparagine, while Endo F cleaves only 
high-mannose structures and biantennary hybrid and complex 
structures at the concentration used. These enzymes were pur- 
chased from Boehringer Mannheim Biochemica (Mannheim, 
Germany). Each tube received 1.5 ml of Endo F assay buffer 
(0.1 M sodium acetate, pH 5.2, 20 mM EDTA, 1% Triton 
X-100) or PNG F assay buffer (50 mM potassium phosphate, pH 
7, 20 mM EDTA, 1% Triton X-100. 0.2% SDS); 1 .5 |U of Endo 
F (0.05 U in 20 mM potassium phosphate, pH 7.2, 50 mM 
EDTA), or 5 uJ of PNG F (1 U in 20 mM potassium phosphate, 
pH 7 2 50 mM EDTA); 100,000 cpm of labeled bone (16 u.Ci/ 
Jig) or platelet (10 u.Ci/u,g) SPARC/Osteonectin and was incu- 
bated for 12 hours at 38°C. Control lubes received no enzymes, 
or were incubated with 1% SDS instead of Triton X-100. Po*i- 
tive controls of deglycosylation were performed using lodinated 
bovine bone sialoprotein. After endoglycosidases treatment an 
aliquot of each sample was subjected to Tricine SDS-PAGE as 
described above. Gels were then dried and the tracers revealed 
by autoradiography. Deglycosylation was assessed by the de- 
crease of the apparent molecular weight after treatment with 
endoglycosidases. . . 

The influence of deglycosylation on immunoreactivtty was 
assessed by RJA. Fifty microliters of each sample was added to 
50 uJ of assay buffer (50 mM Tris/HCI, pH 8, 20 mM CaCl 2 . 
150mM NaCl, 1% BSA) and 100 uJ of the Mab tested at titer 
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dilutions (Mab 2: 1 u*/ml; Mab 3: 0.5 »ig/ral; Mab 6: 1 jtg/ml; 
Mab 12: 5 jtg/ml). Incubations were performed for 24 hours at 
4°C. Mabs were then precipitated by adding 50 uJ of sheep 
anti-mouse serum and 50 ui of a 1/40 dilution of bovine serum 
in assay buffer. After 20 minutes at room temperature, 1 ml of 
4% Polyethyleneglycol 6000 in assay buffer was added in each 
tube. The tubes were then mixed, spun, and decanted, and the 
antibody-bound radioactivity present in the pellet was counted. 

Results 

Immunobloiting on tissue extracts 

A set of 12 Mabs directed against bovine bone SPARC/ 
Osteonectin has been raised which recognizes four epitopes or 
groups of epitopes named A to D (Malaval et al. 1991). Mab 12, 
recognizing epitope A, was used in the IRMAs but not in the 
immunoblots because its immunoreactivity is decreased by the 
reduction of the molecule (not shown). Autoradiography of strips 
incubated with U5 l-Mab2 recognizing epitope D, '"I-Mab3 rec- 
ognizing epitope C, and ,25 I-Mab6 recognizing epitope B reveals 
a single immunoreactive band at Mr 41 kD in both bovine bone 
and nonmineralized tissues extracts. As shown previously with 
human platelets, no immunoreactive band was observed with 
,25 1-Mab2 in bovine platelets (Fig. 1). In addition, the immu- 
noreactive band present in bovine platelets incubated with 1- 
Mab3 shows a slightly lower electrophoretic mobility than the 
immunoreactive band present in bovine bone extracts. In some 
cases, a high molecular weight immunoreactive band is present 
in tissue extracts. This band was found unstable and dependent 
on the batch of extract used. An immunoreactive band for 1 
Mab2 is also present in the mesentery extract at 35 kD. This band 
is a major degradation product, often observed in bovine bone 
SPARC/Osteonectin preparations (Malaval et al. 1991). 

Immunoassays on tissue extracts 

SPARC/Osteonectin was present in all the bovine nonmineral- 
ized tissues assayed, but the amounts determined with the two 
IRMA or with the RIA were 100- to 1000-fold lower than in 
bone tissue, i.e., 10 to 100 ng/100 u-g of total nonmineralized 
tissue proteins versus about 8 u.g of total bone proteins 

(Table I). The amounts of SPAROOsteonectin given by the 
IRMA with the two tracers used ( ,25 l Mab2 and r23 I Mab 12) 
were significantly different only in bovine platelet extracts where 
SPARC/Osteonectin could not be detected with the Mab3/Mab2 
IRMA (Table I). 



Immunobiotting on conditioned medium 

In this experiment, samples containing the same amounts of 
SPARC/Osteonectin (10 ng as assessed by RIA) were run on 
SDS-PAGE and blotted. Human bone extract and human platelet 
extract were used as controls of the same species. Autoradiog- 
raphy of strips (Fig. 2), incubated with ,25 I Mab 2 Mab 3. and 
Mab 6 revealed a single immunoreactive band at Mr 41 kD in the 
cell medium sample. This band co-migrates with the irnmuno- 
reactive band observed in human bone extract incubated witih 
Mab3 but not with the immunoreactive band observed at 47 kD 
in human platelets extract incubated with Mab3. A nwjwirnmu- 
noreactive band co-migrating with SPAROOsteonectin labeled 
in the human bone extract was also observed with the three Mabs 
in the rysate of MG 63 cells. In addition, a mim)r ir^u^rcac^ 
live band, presenting a lower electrophoretic mobility (54 kD) 
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b 

Fta 1 Autoradiography of electroblots of protein extracts labeled with anti-osteonectin Mabs. (a) Comparison of immunoreactivity and electrophorclic 
mobility between bovine bone and plate* osteonectin incubated with 125 I-Mab2 (lanes A and B) and ,25 1-Mab3 (lanes C and D). Lanes A and I C: 
Bovine platelets. Lanes B and D: Bovine bone extract. (bHd) Labeling of bovine bone and nonmineralized tissue extracts with I-Mab2 (o), 
l23 I-Mab3 (c) and l25 l-Mab6 (d). Lane A: Bone. Lane B: Tendon. Lane C: Mesentery. L ane D: Altera. Gels were prepared and ran according lothe 
method of Schagger and Von Jagow ( 1987) under reducing conditions. Blots were performed according to Towbin et al. (1979) (see Methods). MW, 
Molecular weight standards. 



than platelet SPAROOsteonectin, was labeled in the cell lysate 
by Mab3 (Fig. 2). 

Enzymatic deglycosylation 

Deglycosylation of SPAROOsteonectin was assessed by the dif- 
ference of electrophoretic mobility in SDS-PAGE between con- 
trol and deglycosylated SPAROOsteonectin (Fig. 3). The loss of 
apparent molecular weight of bone sialoprotein used as a positive 
control assures that the enzymatic activity was intact during the 
experiment (Chenu & Delmas 1992). Bovine bone SPARO 
Osteonectin was deglycosylated by both endoglycosidases (Fig. 
3, lanes B and D), endoglycosidase F, and glycopeptidase F 
while human platelet SPAROOsteonectin was not deglycosy- 
lated by endoglycosidase F (Fig. 3, lane G). The immunoreac- 
tivity of bone and platelet SPAROOsteonectin assayed with the 



four Mabs (Mab2, 3, 6, 12) is given in Table U. The immuno- 
reactivity of treated samples was often decreased, as compared to 
controls, but was not consistent when compared to negative con- 
trols (i.e.. glycosidases + 1% SDS). This may reflect a partial 
degradation of the tracer during incubation. The difference in 
immunoreactivity of bovine bone SPAROOsteonectin and hu- 
man platelet SPAROOsteonectin assayed with Mab2 was not 
affected by the treatment with endoglycosidases. In SDS-PAGE, 
however, platelet SPAROOsteonectin deglycosylated with gly- 
copeptidase F co-migrates with bone SPAROOsteonectin (Fig. 
3, lanes 1 and A). 

Hydroxyapatitt binding 

The ability of platelet and bone SPAROOsteonectin to bind to 
hydroxyapatite was assessed by an in vitro method. No major 
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T^l tenunonrfkHnetri^ ^ys with two inunuii^al coofig^ 
1 rtCnTRLMor bovine fetal aonmmeralized tissues and 
booe as well as bovine platelets* 

IRMA IRMA 

R1A MA33/MAB2 MAB3/MABI2 



Materials 



Fetal bovine tissues 
Gut 

Bone marrow 
Tendon 
Mesentery 
Altera 
tens 
Skin 
Liver 
Cornea 
Bone 
Bovine aduli 
platelets 



67 ± 3 

53 ± 8 

38 ± 1 

27 ± 4 

20 ± 8 

19 ± 1 

10 ± 2 

9 ± 0.5 

7 £ 2 

7348 ± 83 

223 t 3 



159 ± 


6 


188 ± 


4 


62 ± 


3 


42 ± 


7.4 


28 ± 


3 


25 ± 


3 


20 ± 


2 


22 i 


0.2 


36 ± 


05 


24 ± 


1.5 


9 i 


1 


7 ± 


2 


10 ± 


1 


13 ± 


2 


13 ± 


1 


14 * 


2 


7 ± 


0.5 


4.5 ± 


1 


8009 ± 


145 


7871 ± 


14 


0 




167 ± 


0.5 



rvalues are given in 100 ug ot total P^"^ IS 
(±SD) of triplicate nieasutrments on one sample for RIA and duplicate 
measurements on one sample for IRMA. 

differ between platelet and 1 bone SPARC/O^tin «M 
be observed in hydroxyapatite binding (72.5% ± 075 fo. r plate 
let SPAROOsteonectin and 62.8% ± 1.4 for bone SPAKU 
without BSA). This binding was highly ■ spec.Hc asa 

of BSA). 
Discussion 

In this study, we have screened nonrnineralized tissues from 

bovine fetus and platelets, with four Mabs recognizing 

SpitopesofbLnel^eSP^ 

1991) W^liow, by immunoblotting and IRMA, that platelet 

SPAROOsteonectin presents a lower electrophoretic mobility 

LdaSw^imty for Mab 2 than SPAROOsteonectin present 
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in bone as already described (Kelmet al. 1990; 
1991) but also in all nonminerilized ussues tested. When con- 
ditioned media and cell layer extract of the human wtewarcom. 
cell line MG 63. which has many characteristics of the osteoblast 
phenotype. were screened, the SPAROOsteooectin detected pre- 
sented the same electrophoretic reactivity and immunoreactiyity 
pattern as bone SPAROOsteonectin. These results suggest thit 
me differences observed between "tissue type SPARC/ 
Osteonectin and the neo-secreted SPAROOsteonectin from 
platelets do not result from an extracellular processing of the 
Smer. which is secreted as such. The 54 kD aodiuonal I band 
observed on immunoblottings of cell layer extracts with Mab 3 
(Fig 2 lane B) presents a lower electrophoretic mobility than 
platelet' SPAROOsteonectin and might be the pre-protein de- 
scribed by Kuwata et al. (1985). 

SPAROOsteonectin from platelets, therefore, stands apart 
from the type found in all other tissues. Several hypothesis could 
be made about the structural differences existing between the two 
tvnes of SPAROOsteonectin. They include a difference in se- 
quence, a variation in glycosylate, or other r*st«ran»lational 
modifications. Villare.l et al. (1991) have recently ««M«hed 
mat the sizes of the mRNA for SPAROOsteonectin produced in 
meeakar.ocytes and in a human osteosarcoma cell line sacfc i 
are identical, suggesting the identity of aminoacid sequertfes. 
The identity of proteolytic fragmentation of bone and platelet 
SPAROOsteonectin has also been recently established Kdm et 
al 1991) This latter study also shows that the slightly lower 
electrophoretic mobility of platelet SPAROOsteonectin com- 
pared to bone SPAROOsteonectin is due to a difference ; in 
N-alvcosylation between both proteins. Our data confirm that 
platelet SPAROOsteonectin is Glycosylated by glycopeptidase 
F but not by endoglycopeptidase F. which " du * sa .^"^? c 
nose or a biantennary complex-type S 1 *"^"' * h '* C 
SPAROOsteonectin from bone was deglycosylated by both en- 
zymes, suggesting a high mannose or a biantennary complex- 
m g ycolylation. We also observed that treatment °f bone and 
olaTelete with glycopeptidase F suppresses the difference of elec- 
%P*JS*»!i SDS-PAGE gel. Recently immu- 
noreactivity of Mab 2 with the expressed form irf«»«J " 
SPAROOsteonectin cDNA clones was tested (Villareal et al 
1991b) Mab2 reacted with both transcripts, which localizes its 
epitope' in the overlapping region of theclones (ammc > acids 
18-146), and shows that it is not a carbohydrate epitope, the 

F 6 H 
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C MaiUard ct *1 : SPARC/Osteonectin and nonmineralized tissues 
, wi* four Mate of g.ycosyUed »d deglycosyUued Mm bone huaun pl«ck. osteonectin 



Control 
EndoF 

Eodo F + inhibitor 
PNGF 

PNG F + inhibitor 

Control 
EndoF 

Eodo F + inhibitor 
PNGF 

PNG F + inhibitor 



Tracers 
1251 BBO 



1251 HPO 



Deglycosylation 



Mab2 



No 

Yes 

No 

Yes 

No 

No 

No 

No 

Yes 

No 



30 
26 
35 
24 
32 



± 2 
I 

: 2 
:0,2 
: 1 



5 ±0.2 
0.15 ± 0.8 

0 

0 

1 ± 0.1 



Mab3 

24 ± 2 
19,5 ± 2 
26 
23 
23 

17 
12 
14 
II 
14 



Mat* 

28 ± 1 

23 ± 0.5 

33 ± 0.4 

23 ± 16 
27 ± 1 

21 ± 1 

14 ± 17 

18 ± 0.2 

14 ± 1 

15 ± 1 



measurements, 



Mabl2 

17 ± I 

11 ±0.5 
16 ± 0,3 
14 ± 0.3 
14 ± 1 

12 ± 1 

6 ± 0.4 
8 ± 0,3 
5 ± 1 
8 ± 0,3 

F; Inhibitor, 
of triplicate 



expressed proteins not being glycosylated. However, the epitope 
could be masked by a sugar chain. In the I^T 0 ^ J 
deglycosylation of SPARC/Osteonectin from bone and I platelet 
did not affect the difference of immunoreactivity for Matt be- 
ween these two proteins. This suggests that the reactivity with 
Mab2 is not related to the N-glycosylation of the molecule and 
that, if hampered accessibility is the origin oT the reduced affinity 
for platelet SPARC/Osteonectin. it has to be due to another post- 
translational modification. O-glycosylation of SPARC/ 
SteoMctin seems to be excluded because SPARC/Osteonectin 
does not have O-glycosylation sites on its amino acid sequence. 

phosphorylation and sulfation are two other possibilities Ac- 
cording to the consensus features for tyrosine sulfation (Huttner 
& Bacuerie 1988), on the seven tyrosines present in the sequence 



of SPARC/Osteonectin. there is one possible sulfation site on 
tyrosin 162. However, presence of bound sulfate in SPARC/ 
Osteonectin has never been documented. A recent work (Nagata 
et at 1991) clearly showed that SPARC/Osteonectin is not sul- 
fated in fetal rat calvarial cells in culture. Similarly, in an in vitro 
study of mouse osteoblasts labeled with 35 S-Sulfate, osteopon- 
tin and bone sialoprotein seem to be the only sulfated proteins to 
be synthesized (Ecarot-Charrier et ah 1989). A posttraductional 
modification of SPARC/Osteonectin by phosphorylation is more 
controversial. Several works have described the presence of 
bound phosphate on bovine and mouse SPARC/Osteonectin 
(Terming al. 1981b; Romberg etal. 1984; Huguesetal 1987). 
However, this protein did not incorporate 32 P0 4 " 1 r f 

(Nagata et al. 1991) and porcine (Domenicucci et al. 1988) cal- 




bovine bone <*eo*cti». Lwe ^CoowLUm B: lncutanoo*.* ZLuJt F activity by 1% SDS. Unes F-J: lodin.tedhum*. 
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varial cells, as well as bovine endothelial cells (Sage et al. 1984; 
1989), were labeled in vitro. 

The unique characteristics of SPAROOsteonectin from plate- 
lets may be related to specific properties and rotes. SPARC/ 
Osteonectin purified from bone and platelets binds to thrombo- 
spondin with the same affinity (Clezardin et al. 1988). However, 
platelet SPAROOsteonectin did not bind to types I, II, and V 
collagens in a solid phase assay by opposition to bone SPARC/ 
Osteonectin (Kelm et al. 1991). The relationship between these 
differences in binding affinity and the structural and immuno- 
logical differences previously described has to be established. In 
this study, we show that SPAROOsteonectin from human plate- 
lets and bovine bone binds equally to hydroxy apatite. Interaction 
with hydroxyapatite is likely to occur in the acidic region of the 
amino-terminal portion of the molecule (domain I), which has 
been partly sequenced and found to be identical in bone and 
platelet SPAROOsteonectin (Malaval et al. 1991; Kelm et al. 
1990). 

A growing number of experimental data suggests a role for 
SPAROOsteonectin in cell/substrate and/or cell/cell interac- 
tions. Sage et al. (1989) have shown that S PARC/Osteonectin 
added to bovine aortic endothelial cell cultures induces changes 
in cell shape with a partial detachment of a confluent monolayer 
and inhibition of newly plated cells; work with synthetic peptides 
suggests that these properties can be ascribed to the first (I) and 
last (IV) domains of the protein (Lane A Sage 1990). The same 
team recently reported, with the same cell type, an inhibition of 
the entry into S phase (Funk & Sage 1991) and a stimulation of 
the expression of an inhibitor of tissue plasminogen activator 
(PAI-1) (Hasselaret al. 1991) induced by SPAROOsteonectin. 
These results led to the suggestion that SPAROOsteonectin may 
facilitate cell movements by interacting with the cell surface, 
either directly or in cooperation with other proteins. SPARC/ 
Osteonectin has been shown to bind to platelets (Kelm el al. 
1990; Clezardin et al. 1991). In a recent study we have shown 
that an antiserum raised against bovine bone SPARC/ 
Osteonectin reduces the binding of thrombospondin to the plate- 
lets and inhibits collagen-induced platelet aggregation (Clezardin 
et al. 1991), suggesting a role for SPAROOsteonectin in hae- 
mostasis, perhaps in cooperation with thrombospondin. 

Further studies are necessary to assess whether the structural 
specificities of platelet SPAROOsteonectin reflect specific func- 
tions. These studies will include the epitope mapping of our 
Mabs and the clarification of the structural requirements for the 
binding of Mab2. 
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Abstract 

Metastasis is a major cause of mortality and morbidity 
in osteosarcoma (OS) patients. To monitor tumor dissemi- 
nation, we assessed the circulating tumor burden in OS 
patients by semiquantitative reverse transcription-PCR us- 
ing osteocalcin, osteonectin, osteopontin, and type I collagen 
(COLL) mRNAs as molecular markers. We distinguished 
levels of the mRNAs in peripheral blood between OS pa- 
tients and healthy subjects using an OS-derived cell line 
(Saos-2) as a reference standard. We prospectively analyzed 
40 peripheral blood samples from 11 OS patients at diagno- 
sis and 29 healthy subjects. In all 29 (100 %) healthy sub- 
jects, we detected osteocalcin, osteonectin, and osteopontin 
mRNAs that were most likely attributed to illegitimate tran- 
scription in normal hematopoietic cells. In contrast, we 
found low COLL mRNA levels in only 35% (10 of 29) of 
healthy subjects, but significantly higher COLL mRNA lev- 
els in 91% (10 of 11) of OS patients (P < 0.0001). The 
reverse transcription-PCR assay for COLL mRNA was sen- 
sitive down to the detection of 10 Saos-2 cells among 10 6 
normal peripheral blood nucleated cells. The upper limit of 
COLL mRNA determined among the healthy subjects was 
found exceeded by six OS patients. The substantially ele- 
vated COLL mRNA levels in peripheral blood seemed to 
originate from circulating malignant cells in these six OS 
patients, all of whom subsequently developed clinical metas- 
tases within 12 months of diagnosis (P = 0.002). Conversely, 
no metastases were detected in the remaining OS patients 
with normal COLL mRNA levels. Quantification of COLL 
mRNA may prove valuable for diagnosing OS micrometas- 
tasis and assessing prognosis. 
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Introduction 

OS^ is potentially a fatal malignancy affecting predomi- 
nantly children and young adults, where alterations of Kb. p53, 
mdm2< and myc\ and erbB-2 overexpression have been identified 
(1-5). However, the etiology and molecular mechanisms of OS 
remain unclear. Metastasis that occurs early in the natural his- 
tory of OS is a major cause of mortality and morbidity. Virtually 
all OS patients may develop subclinical micro metastasis at 
initial diagnosis. Using computerized tomography scans, about 
20 f r of OS patients have clinically detectable lung metastasis at 
presentation with consequently poor prognosis (6). Despite sur- 
gical resection of the primary lesion, nearly 90^ of OS patients 
develop metastasis/recurrence after operation (7). Early detec- 
tion of micrometastasis, or the potential for metastasis/recur- 
rence, may permit prognostication and early treatment (8-10). 
In this regard, RT-PCR could be clinically valuable for the 
detection of micrometastasis or circulating malignant cells in 
OS patients. 

OS produces osteoid and/or bone (11). We, therefore, se- 
lected molecular markers for OS based on the fact that OC, ON, 
OPN. and COLL mRNAs are differentially expressed in osteo- 
blasts (12-15). OC is a bone matrix protein required for bone 
resorption, tissue remodeling, and extracellular matrix mineral- 
ization ( 12, 16). ON is a glycoprotein involved in extracellular 
matrix remodeling, cell adhesion, differentiation, and prolifera- 
tion (17). Of interest, ON is also expressed in stromal myofi- 
broblasts of carcinomas, at the interface between stromal cells 
and hepatocellular carcinoma cells, in melanoma cells, breast 
cancer, and colorectal cancer cells (18-22). Moreover, there is 
evidence suggesting that both ON and OPN are involved in 
angiogenesis and tumor progression (23, 24). 

OPN is a bone matrix glycoprotein that modulates miner- 
alization and bone resorption (14, 25, 26). Intriguingly, OPN 
mRNA is also expressed in human carcinomas, including breast, 
kidney, and endothelial cancers, where OPN may have adhe- 
sion/migration functions in promoting invasion and metastasis 
(27-30). In the circulation of patients with metastatic cancers, 
elevated OPN levels have been detected (31). Also, it has been 
demonstrated that tumor-derived OPN may enhance tumor 
growth and survival of metastases (32). COLL is another bone- 
specific marker gene, which encodes the major extracellular 
matrix component in bone (13). 

In this prospective study, we evaluated whether OC, ON, 
OPN, and COLL mRNAs could be applied as molecular markers 
for detecting circulating tumor cells in peripheral blood of OS 



' The abbre\ unions used are OS. osteosarcoma: RT-PCR. reverse tran- 
scription PCR: OC. osteocalcin; OX. osteonectin: OPN. osteopontin; 
COLL. type I collagen: PBNC. peripheral blood nucleated cell: (J-2A/. 
p-2-microglobulin. 
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patients. Parous findings suggest that ,Ue ,t,matc ; ^pnon 
In normal hematopoietic cells may Urn,, the specit.uts o RT- 
Jcr.,3 34, To minimize this potential problem, we applied a 
ouanftative approach for the precise assessment of the circulat- 
ing t umor burden and. hence, the nsk for ^astas^urr nee 
,g %4) We. thus, developed a semiquantitative RT-PCF L method 
for m easunng levels of OC. OS. OPS. and COLL mRNAs ,n 
"npheral blood from OS patients and healthy subjects and 
delated the mRNA levels with clinical outcomes ot patterns. 



TMe / Sequences ot sense .F. and anusense <*. primer, for RT- 
' KR in j oli.onucleoude probes _,/>. tor Southern bUn an.lsMs 



Primer/probe 
0\K 



Sequence 



Materials and Methods 

Peripheral Blood Samples from Patients and Controls. 

With informed consent and approval from the ^Ethics Committee 
of the Chmese Umversity of Hong Kong, 40 penpheral blood 
samples were collected from 11 OS patients without dtrn^ 
detectable metastases at dtagnosrs un^an age^ = 
P-37 vr male:female ratio, 8.3) ana ^ ncamiy 
Leen .9 and 40 yr of age. The diagnosis of *<*£ZZ 
histologically confirmed. The st.es of primary OS were located 
in the femur proximal tibia, proximal humerus, and pelvis. Al 
"f 1 patients were treated by surgery and chemo*era P y an 
W ere followed up clinically for at least 1 2 ^ 
subjects served as negative controls for semiquantitative 

RT ~ ^BNC Isolation, RNA Extraction, and DNase I Diges- 
tion PBNCs were isolated by Ficoll-Paque (Pharmacia B.o- 
ch' Uppsala, Sweden, from 20 m. of citrated blood from the 
OS patients and healthy subjects studied. After washing in 30 m 
of PBS and centnfugation at 100 X g for .0 ™n *eceU ^ 
was resuspended in 1 ml of PBS. The number of PBNC :**s 
counted in a hemocytometer. After centnfugation, the cell pellet 
Z resuspended in 0.5 ml of guanidinium thiocyanate solu t o 
and total RNA was extracted by a single-step method (35). 
Beiore RT-PCR, total RNA was treated with DNase I to remove 

- rta n rtm ir nNA Dieestion was conducted at 3 / 
contaminating genomic ijin/v lyigcauw" 

or " in th/presence of 10 units of DNase I (Bc.hnnger 
Mannheim, Mannheim, Germany), 10 mM MgC. 2 £ ^ ^ 
and 50 mM Tris-HCl. After heat-mactivation, RNA was ex 
tracted using phenol-chloroform and then ethanol-precip.tated. 

CeH CuUure. An OS-denved cell line, Saos-2 (American 
Type Culture Collection, Manassas, VA), was used to establish 
ItTdard curves for measuring levels of the mRNA marker, The 
cell line was cultivated in DMEM added with penicillin, sttep- 
olcin 2 mM glutamine, and 10% fetal bovine serum (Life 
"taologies, inc., Gaithersburg, MD). The medium was 
cnanted every 3 days, and the cells were harvested when the 
'g^r^fluen.. The tota. number of Saos-2 cells was 
counted in a hemocytometer. 

Development of Standard Curves Us.ng the Saos-2 Cell 
Line. To simulate the presence of OS cells in the circulation o 
OS patients total RNA was first extracted from 10 norma 
?BNCs and V OS cells from the Saos-2 cel. line. Aliquots of 
tot al RNA from 10* norma, ^s were tn.xed w f Sao.2 
total RNA. corresponding to 1. 10, IU . iu . iu , 
Ii cells (basedon the calculation of the average amount 
RNA extracted per cell.. The RNA mixtures were subjected to 
semiquantitative RT-PCR. 



5 ' -TGCAGA 3TCCAGC AAAGGTGCA- 3 ' ^ 
5 ' - ATAGGCCTCCTGAAAGCCGATGT- 3 ^ 
t. ' -GATCTT^TTTCTCCTTTGCCTGG- 3 
; ' _TGTTTGCA3TGGTGGTTCTGGCA- 3 ' 
OPKT 5 ' - TC ACAGCC ATGAAGATATGCTGG - 3 ' ^ 

OP\R 5 ■ - T ACAGGGAGTTTCCATGAAGCC AC - 3 

COLl F 5 ' -GGTGGTGGTTATGACTTTGGTT - 3 

rnilR 5' -CTTGGCTGGGATGTTTTCAGGT- 3 

COUP 5 ' - ATAGTGCATCCTTGGTTAGGGTCAATCCAG- 3 

ft W 5'-C r TGAATTGCTATGTGTCTGGGTTTCATCCA-3 
5 ' - G3A GCAACCTGCTCAGATACATCAAAC_ATGG- 1 



Semiquantitative RT-PCR and Southern Blot Analysis 
Tota. RNA (1 ug) was denatured at 65 °C for 2 min and 
annealed with 1 W of random primers at 7»C ^ '0 ^ 4^ 
RT was earned out in IX reaction buffer [50 mM JJ^HCl (pH 
8 3) 75 mM KC1. and 3 mM MgCl 2 ] with 10 mM DTT, 0.5 mM 
deoxynucleoside triphosphates, and 0.5 pj of RNase ^ block 
(Stratagene, La Jolla. CA). cDNA was synthesized at 37 C for 
1 h using 200 units of Moloney murine leukemia virus reverse 
transcriptase (Life Technologies, Inc.). The reaction was 

OC. OS. OPS. and COLL cDNAs 
was conducted using gene-specific W^^"*™* 1 " 
ent exons to give products of 199 bp, 225 bp, 298 bp, and 325 
bp ^ponding!' (Table 1). B-2M mRNA served as an mter 
na controUo ensure that an exact amount of high-.ntegnty total 
RNA was reverse-transcribed to produce cDNA ,n each assay 

° 4, P?R was conducted in 1 < PGR buffer [20 > mM Tris-HCl 
(pH 8 4), 50 mM KC1, and 2.5 mM MgCl 2 ] added with 0.2 mM 
Lxynucleos.de triphosphates; 30 pmol of sense ^and anusense 
primers for OC, OS, OPS, COLL, or 0-2M cDNA; I £ of 
cDNA; and 2.5 units of Taq DNA polymerase (Life TechnoU> 
oies Inc • Ref. 34). The optimized thermal profile was initiated 
w th a 5-m,n denaturation at 94°C, followed by 30 cycles of 
Z C for 1 min, 61«C (B-2M), 69°C (OC/ON), 65°C <0W or 
67°C (COLL) for 1 min and 72°C for 1 min, and a final 
extension at 72X for 10 min. Aerosol-resistant pipette tips and 
separate areas were used for pre-PCR, PCR, and post-PCR 
procedures. Each sample was analyzed in duplicate Saos-2 
RNA standards and multiple water blanks were ar^zedm 
parallel with peripheral blood samples for each set of PCR. FLK 
products were loaded onto 2% agarose gels and stained with 
ethidium bromide. , , 

The gene-identity of the PCR product was verified by 
nonradioactive Southern blot analysis using a gene-specific ol- 
igonucleotide (Table 1), which was labeled at the 3' end w* 
digoxigenin (34, 36). Chemiluminescent detection 
ducted using disod.um 3-(4-methocys P iro( 1, 2^etane-W - 
(5"-chloro) tricyclo[3.3.11-] decan)-4- y l) phenyl phosph « 
(Boehnnger Mannheim,. By using imaging densitometry^ 
Rad. Hercules. CA.. the amounts of PCR products for Mood 
samples were quantified on the same Southern blot as *e PCR 
products generated for establishing the Saos-2 standard cur>e. 
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Table 2 Levels of OC, OS. OPS, and COLL mRNAs in PBNCs 
from 29 healthy subjects 



mRNA levels 
RT-PCR positivity 
^ of positivity 



Results 

Levels of Osteoblast-specific mRNAs in PBNCs from 
Healthy Subjects. OC, ON, and OPN mRNAs were detected 
in PBNCs from all 29 (100%) healthy subjects at levels undis- 
tinguishable from those in the Saos-2 cell line (Table 2). In 
contrast, COLL mRNA levels, markedly lower than in Saos-2 
cells, were obtained in only 35% (10 of 29) of healthy subjects 
(Fig. The frequency of COLL mRNA detection among the 
control subjects was much lower than that for OC, OA r , and OPN 
mRNAs. We, therefore, determined the upper limit of COLL 
mRNA in the control group (mean + 3 SD) and set this as the 
reference range for distinguishing COLL mRNA levels in cir- 
culation between OS patients and healthy subjects. 

Linear Saos-2 Standard Curve for COLL mRNA Meas- 
urement. A linear relationship was found between the amount 
of COLL PCR product and the level of Saos-2 total RNA used 
corresponding to 0.13 ng to 1.3 p,g, over a range of 10- 10 5 
Saos-2 cells (correlation coefficient, 0.94; Fig. 2). The RT-PCR 
assay was consistently sensitive down to the detection of 10 
Saos-2 cells among 10" normal PBNCs. 

Quantification of COLL mRNA in Peripheral Blood 
from OS Patients and Association with Clinical Metastases, 
In this prospective study, we detected variable levels of COLL 
mRNA in 20 ml of peripheral blood from 91% (10 of 11) of OS 
patients at diagnosis (Fig. \B and Fig. 3). The COLL mRNA 
levels in the OS patients were significantly higher than in the 29 
healthy subjects studied (Mann-Whitney U test, P < 0.0001). 
According to the Saos-2 standard curve, the mean COLL mRNA 
level in the control group (n = 29) was 767.5 Saos-2-RNA 
equivalents (pg; range, 0.1-5338 Saos-2-RNA equivalents; Fig. 
3). The mean COLL mRNA level among the 1 1 OS patients was 
36361.95 Saos-2-RNA equivalents (pg; range, 1.7-132373.3 
Saos-2-RNA equivalents; Table 3). The upper limit of COLL 
mRNA (mean + 3 SD) in the control group (5338 Saos-2-RNA 
equivalents) was found exceeded by six OS patients (Fig. 3). 

Of clinical relevance, all of the six OS patients with sub- 
stantially raised COLL mRNA levels subsequently developed 
metastases within 12 months of diagnosis (Table 3). Two of the 
six patients with the highest COLL mRNA levels developed 
clinical metastases within 4-5 months of diagnosis, whereas the 
other four patients with similarly high COLL mRNA levels 
developed metastases within 6-10 months of diagnosis. In 
striking contrast, no metastases were detected in any of the 
remaining five OS patients with normal COLL mRNA levels 
(P = 0.002; Fisher's exact test). 

Discussion 

In this first attempt to detect circulating malignant cells in 
peripheral blood of OS patients, we have developed semiquan- 



titative RT-PCR for COLL mRNA using the Saos-2 cell line as 
a reference standard. As compared with healthy subjects, mark- 
edlv elevated COLL mRNA levels in peripheral blood from OS 
patients at diagnosis were strongly associated with the subse- 
quent development of clinical metastases (P = 0.002). On the 
other hand, the presence of OC. OA', and OPN mRNAs in 
PBNCs from all of the healthy subjects studied w as most likely 
attributed to illegitimate transcription in normal hematopoietic 
cells. These results suggest that OC, ON, and OPN mRNAs are 
not specific markers for OS. Our present data are consistent with 
the fact that OC mRNA is expressed in peripheral blood plate- 
lets, bone marrow megakaryocytes, and multiple soft tissues 
such as aorta, liver, lung, kidney, and brain (37, 38). Moreover, 
OA r mRNA has been detected in developing blood vessels, and 
its transcription can be induced by transforming growth factor (3 
(23, 39, 40). Furthermore, OPN mRNA expression in macro- 
phages has been documented, and its transcription is inducible 
by transforming growth factor (3 or during the activation of 
natural killer cells (19, 26, 29, 41). 

Using RT-PCR with DNase I pretreatment, we demon- 
strated low levels of COLL mRNA in PBNCs in only 35% (10 
of 29) of healthy subjects. Because the PCR product has the 
expected molecular size, the possibility of genomic DNA con- 
tamination can be ruled out. Because COLL mRNA is also 
expressed in skin (42, 43), the first aliquot of peripheral blood 
might have skin contamination caused by needle aspiration. We 
may be able to eliminate this kind of contamination by disre- 
garding the first aliquot of blood and collecting subsequent 
aliquots for molecular analysis. However, the low levels of 
COLL mRNA detected in healthy subjects were also highly 
likely attributed to illegitimate transcription in normal hemato- 
poietic cells. To minimize this potential problem, we have 
applied a quantitative approach for differentiating the COLL 
mRNA levels in peripheral blood between OS patients and 
healthy subjects. Our semiquantitative RT-PCR enables us to 
determine the upper limit of COLL mRNA among healthy 
subjects. Above this reference range, elevated COLL mRNA 
levels (up to -25-fold) in 55% (6 of 11) of OS patients at 
diagnosis may genuinely reflect the presence of circulating 
malignant cells in complete concordance with the subsequent 
development of clinical metastases. 

Unlike DNA alterations such as p53 and Rb mutations, 
which were inconsistently found in OS and micrometastasis (1, 
2), markedly raised COLL mRNA levels were frequently de- 
tectable among the OS patients studied. Moreover, the semi- 
quantitative RT-PCR assay that measures mRNA levels offers 
much higher sensitivity than mutation screening by DNA se- 
quencing. As opposed to oncogene/tumor suppressor gene al- 
terations that could also be found in a wide variety of other 
tumors, the advantage of using COLL mRNA as a marker for 
detecting OS micrometastasis is its relatively high osteoblast 
specificity. 

For OS may have already metastasized at clinical presen- 
tation, early detection of micrometastasis is critical for permit- 
ting early chemotherapy or intensive adjuvant chemotherapy, 
which should be more effective against micrometastasis than 
clinically detectable metastasis (7). In our cohort, all of the six 
(100%) OS patients with substantially elevated COLL mRNA 
levels subsequently developed clinical metastases within 12 
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Fig. 1 Semiquantitative RT- 
PCR for COLL mRNA in pe- 
ripheral blood and Southern 
blot analysis A. healthy sub- 
jects (Lanes 1-12). B. OS pa- 
tients (Lanes 1-1 1) 
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Fig 2 Linear relationship between the amount of COLL PCR product 
and the level of Saos-2 total RNA used for semiquantitative RT-PCR (on 
loganthmic scales). .4, the equation of linear regression is y - 0.3 13* 
0 381 (correlation coefficient, 0.94). B, semiquantitative RT-PCR for LOLL 
mRNA and Southern blot analysis using 13 pg to 1.3 u.g of Saos^ RNA, 
over a range of 1 - 10 5 Saos-2 cells, as shown in Lanes 0-5. 



months of diagnosis. This strongly suggests that COLL mRNA 
mav be applied as a prognostic marker to identify OS patients at 
diagnosis with a high risk of metastasis/recurrence; such disease 
progression could possiblv be prevented by early treatment 
Because the most frequent site of metastasis is the lung (6). the 
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Fig 3 Levels of COLL mRNA in 40 peripheral blood samples from 29 
normal subjects and 11 OS patients with reference to Saos-2-RNA 
equivalents (pg). The upper limit of COLL mRNA (mean + 3 SD) in the 
normal control group (5338 Saos-2-RNA equivalents) is marked with a 
dotted line. 



sputum from OS patients would possibly be another sample 
source to be tested for circulating OS cells using semiquantita- 
tive RT-PCR for COLL mRNA. 

Furthermore, the COLL mRNA quantity in PBNCs may 
provide useful diagnostic information in conjunction with cross- 
sectional imaging results before histological confirmation can 
be made on surgically resected tumors/biopsies. Characteriza- 
tion of circulating OS cells detected might also contribute to the 
understanding of the OS pathogenesis. For further investigation, 
it is worthwhile to explore the diagnostic and prognostic signif- 
icance of the COLL mRNA level in a larger series of OS patients 
with long-term follow-up. 

As a potential prognostic factor, the COLL mRNA level in 
peripheral blood may be sequentially monitored to follow up OS 
patients without micrometastasis at diagnosis. For the five OS 
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1 Patient characteristics and the association of COLL mRNA level, in PBNCs measured at initial diagnosis with clinical outcomes within 
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patients studied without evidence of micrometastasis, as re- 
flected by normal COLL mRNA levels in PBNCs, the toxicity of 
chemotherapy might be avoided at an initial stage (7). During 
clinical follow-up, quantification of COLL mRNA in peripheral 
blood may help assess the patients' response to therapies, which 
is crucial in determining the patients' prognosis. The molecular 
approach of using COLL mRNA may possibly open up the 
prospect of monitoring OS in a noninvasive manner without the 
requirements of surgery and computerized imaging. As com- 
pared with these conventional methods, semiquantitative RT- 
PCR for COLL mRNA seems to be sufficiently sensitive, rapid, 
and reliable for evaluating histological and tumor response to 
treatments. Taken together, this novel mRNA marker could 
potentially help manage OS patients more effectively and, 
hence, improve the clinical outcome or guide the selection of 
therapies, 
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Abstract 

The purpose of the present work was to examine the ellect of different Ti (v\l 4V surface treatments on osteoblasts behaviour. 
Previous work in this laboratorv has demonstrated that an ageing treatment reduces metal urn release from this alku compared to 
standard passivation procedure;. In th.s study, human osteosarcoma MCi-63 *erc used in short-term m vitro tests to assay tor ce 1 
viabihtv and cell proliferate at 12. 24 and 72 h while Sa()S-2 were used in long-term in v.tro tests to assa> tor osteonect in 
osteopontn, osteocalcin gene expression, total protein amount (TP), alkaline phosphatase activity (ALP, an d hhroncc 
production ( FN ) for 1 4 weeks. Fluorescence microscopy was used to observe SaOS-2 cell morphology. Alter _4 h . bursas no 
difference in MG-63 cell viability proliferation or in Sa()S-2 cell morphology between the *tleren^ ^ 
term tests, the aeed Ti 6A1 4V induced significantly higher cell proliferation than the control Ti 6A1-4N at , h. At ^k 1. o 
difference m the osteonectin, osteopontin. and osteocalcin gene expression was found between samples, he peak o ALP c 
appeared earlier at week 2 for the control surface compared with the passivated and aged surfaces. The early iiKuasc n ALT aumt> 
fo the control sample could be a compensatory effect of decreased osteoblasts proliteration. There was no dittereiK, in th. 
expression of FN for the different surface treatments. Our present results showed that the ditlerent surhice treatments which 
in uced ditlerent metal .on release kinetics and surface properties, influenced the cell proliferation and ALP activity of os eoj s 
cells Aluminium 10ns release kinetics as well as presence of vanadium ,ons may play a major role in influencing the osteoblasts 
behaviour in the present study. < 2002 Flsevier Science Ltd. All rights reserved. 

Keywords: Ti 6AI-4V: Surface treatment; Metal .on release: Human osteosarcoma cells; Differentiation; (ell morphologv 



1. Introduction 

The interaction between solid surfaces and biological 
s\ stems are critically important to many areas ol 
medicine, technology and research. In general, only the 
surface of an implant is in direct contact with the host 
tissue, and thus this portion of the material plays a 
central role in determining its biocompatihihty. The 
surface of material can change with time, and is often 
distinctly different from the bulk properties, because ol 
oxidation and contamination. Although the stutace 
clearh pla\> an important role in implant celt mterac- 
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tions. the relationships between surfaces of the implant, 
its reactivity with tissue constituents, and long-term 
inteizritv and clinical efficacy are still poorly understood 

Ti 6A1 4Y alloy has become one ot the most used 
biomaterials due to its excellent corrosion resistance, 
good mechanical properties and low toxicity [3], Its 
corrosion resistance is due to the oxide film, which forms 
spontaneously on exposure to air. However, when the 
titanium alloy is implanted into a complicated and 
a^ressive pin siological in vivo environment, the oxide 
stability may be atfected. resulting in increased metal ion 
release [4], Flexated lc\eK of metal 10ns have been 
reported in the serum of patients with both well 
functioning and Tailed total joint replacements In 
addition, aluminium (All has well documented toxic 
ellects in the serum or urine of patients who had a total 
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hip replacement made of titanium aliov |h] Several 
in vitro studies have been earned out with a \ane(\ of 
eell lines to test metal ion loxicitv. which is suspected ot 
piuwng a significant role m cell heha\iour. Titanium 
ions have been shown to influence mineral formation 
and osteoid nodules m rat calvaria cultures It has 
been demonstrated that Ti (v\l 4V ion solution can 
allect the normal differentiation of bone marrow 
stromal cells to mature osteoblasts m \itro [S]. There- 
fore, decreasing the metal ion release could be a method 
to increase the biocompatibihty of Ti alloy. 

In our previous work, it has been shown that a simple 
thermal treatment, ageing m deionised distilled boiling 
w ater, improves the dissolution resistance of Ti 6A1 4Y 
alloy compared to conventional passivation treatments 
[^]. In the present Mud\. the biocompatibility of the aged 
surface was evaluated in comparison to the control and 
the passivation treatments. Short- and long-term m vitro 
tests were performed with two osteoblastic cell corre- 
sponding to immature and mature cells. The biocompat- 
ibihty of the aged titanium alloy was evaluated in vitro 
with short-term tests assessing cell viability, cell 
proliferation and cell morphology . Then, quantification 
of the ageing treatment was performed with long-term in 
vitro tests quantifying osteonectin, osteopontin. osteo- 
calcin gene expression. FN production. ALP activity 
and TP amount. 



2. Materials and methods 

2.1. 77 alloy surf ace preparations 

Distal sections of forged Ti 6A1 4V alloy femoral 
stems from the Ti-Mod Freeman hip replacement were 
supplied by Finsbury Instruments ( Leatherheud. Surrey, 
UK). The hip stems were cut into discs of 4 and 10 mm" 
and of 1 mm thickness. The samples were first wet- 
ground with 120. 600. 1200. 2400 and 4000 gnt silicon 
carbide abrasive paper (Struers. CK) at approximately 



lN>rpm. then polished with (\ ; and 1 um diamond 
solution (Microcloth Htiehler. Ik) on a clean polishing 
cloth (Microcloth Huehler. IK) and tinallv with 
colloidal silica polishing suspension Oi.Ofumi. Master- 
met Htiehler. Ik.). Following polishing, the samples 
were cleaned in I".. Triton solution for I h and rinsed m 
deionised distilled water. This treatment was used as a 
control (t'i. I he practice for surface preparation of 
surgical implants involves a nitric acid passivation 
treatment (P) based on the AS TM FN6 protocol using 
30'\> nitric acid for Ih [10]. A third treatment (the 
ageing treatment. A) consisted of the passivated treat- 
ment followed by ageing in boiling deionised distilled 
w ater for 10 h. T he successiv e steps of the three surface 
treatments are shown in Table 1. Finally, the discs were 
rinsed several times with sterile, endotoxin-free PBS 
before cells were seeded. As preliminary experiments, 
the endotoxin assay using Lunulas Amebocyte Lvsate 
(BioWhittaker. Fmeramville. France) revealed that no 
contamination of lipopoly saccharides (LPS) was present 
on the surface of the treated samples. 

2.2. Cell culture 

Two human osteoblast-like cell lines obtained from 
American Tissue Culture Collection (Manassas. VA, 
L'SA) were tested: an immature osteoblast (MG-63) and 
a mature osteoblast (SaOS-2) [11]. Two cell lines were 
used as it has been shown that cellular response depends 
on the local environment as well as on cell state of 
maturation [12]. The osteoblasts were cultured in 
DulbccaVs modified Fagle\s medium (DMFM) (Sigma. 
Buchs. Switzerland) containing 10% fetal bovine serum 
(Sigma). 1% PSF (100 * . 10.000 U ml Penicillin. 
10,000 ug ml Streptomy cin and 25 jag ml Fungizone K ) 
(GibcoBRL. Life Technologies. Basel, Switzerland) 
under a humidified 5% CO : air atmosphere at 37 C. 

MG-63 cells were seeded: ( 1 ) at a concentration of 
5000 cells well on 4mnr samples (C. P. A) for cell 
proliferation assessment in % well cell culture plates: 



fable 1 

The successive steps of surface treatments for the control K ), the pasM\atcd 1P1 and the aired I A > Ti 4Y surfaces 

C ontrol (C ) Pussiuited (P) A^ediA) 

Surface preparation Polished Polished Polished 

( leanmy in 1",, Triton for 1 h ClejiuniMii 1"" I nton for th ( leaning in 1"., "I riton tor Ih 

RniMnL! in deionised distilled uatcr Rinsing in deionised distilled A.itei Rn'rame. in deioni^-d distilled water 

; i>" nitric acid for I h -o" mine acid tor I h 

Rinsiitij m deionised distilled water Rm^m- mi dei« Milled distilled uatcr 

1 1 > h m hi 'i hivj del; >i:is-d distilled u . 

Sierihsjn.Mi Immersed in pin"., ethar.^1 tor l'>nn:i 

\ir-dried 

I «.p ..nde: 1 \' I;- !.l ,,,, ^.J, s:i je 
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i2i at a concentration <>f loiuino cells well on Innini 
samples tC. P. A) for cell \iabiht\ assessment in 24 well 
cell culture. Prohferal ton and uahlit) measurements 
were performed at 12. 24 and ~2h. SaOS-2 cells were 
>eeded at a concentration of lnu.onit cells well on 
10 ninv samples <C. P. A> for quantification of 
osteonectin, osteopontm. osteocalcin gene expression 
at week 1 and ALP uemm. I N and I P at week 1 . 2. 3 
and 4. 1 he medium was changed e\er\ 3 4 da\s. I or 
A LI*. FN and I I* measurements, the medium w as 
remo\ed two du\s before each time point (at week 1. 2. 3 
and 4} and cells were washed 3 times with PBS to avoid 
the effects of serum composition on the biochemical 
assa\s. The cell culture was then incubated with serum 
tree medium 2 days before biochemical assays. 

2. 3. Cell viability proliferation 

To assay cell -viability, cells were collected by 
tr\ psimsation with 1 * trypsin-FDTA solution (Sigma) 
5min. The collected cells were double stained with 
25 ug ml fluorescein diueetate (Sigma) and w ith 20 ug ml 
propidium iodide (Sigma) in PBS for 5 mm [13]. Live 
cells appear green and dead cells appeared red under 
epifluorescent illumination (blue filter of 450 490 nm 
and green filter of 510 560 nm w hich allow ed visualisa- 
tion of the green and red fluorescing cell, respectively). 
Cell viability tests were performed three times for each 
point and at least 200 cells were counted in the 
epi fluorescent mode of a Nikon Microphot-FX A 
microscope (Nikon. Tokyo. Japan). Cell viability was 
defined as the ratio of viable cells to the total number 
of cells and presented in percentage (%) for the 
treatments (C. P. A).. To assay cell proliferation, cells 
were treated with CellTiter 96 H AQ ueolls Assay (Prome- 
ga Corp.. WI. USA). The assay is based on the 
reduction of a tetrazolium compound to a coloured 
forma/an product by viable cells (or metabolic activity). 
The absorbance at 490 nm is directly proportional to the 
cell proliferation. The cell proliferation of the passivated 
(P) and the aged (A) samples was normalised by the 
control (C). 

2.4. Osteonectin, osteopontm, osteocalcin 
ijcnc expression 

Cell lysate was collected after week 1 and total RNA 
was isolated and purified with RNeasy columns (Qiugen. 
Basel). The isolated RNA was reversed transenpted to 
cDNA with the StratScnpt enz\me (Strutugene. San 
Diego. CA). Quantitative real time RT-PCR (TaqMan 
ABI Prism "00. Applied BiosWem. f oster Cit\. CA) 
w as used to measure the gene expression of osteonectin, 
osteopontm. osteocalcin, and INS using Amphlluor 
1 niUTsal Detection S\stem ilntergen. Purchase. NA i. 
Primers were designed with the Software Primer 



1-vprcss (Applied BiosWcmi. Primers were purchased 
from Integrated 1)N.\ Technologies (Coralulle. lAi. 
I'sc cil u housekeeping gene tlsSi allowed the different 
samples to be normalized and compared between 
experiments 

J. 5. Jntu! prolan 

A solution of 0.5 ml 1 " <> Triton-X in M w ater w as 
used to hse cells. The Ksute was sonicated for 30s at 
40 \V. The total protein amount was measured in the cell 
hsate with DC (Detergent Compatible) Protein Assa\ 
Kit (Bio-Rad Lab. CA. ISA) 

J?/>. Alkaline phosphatase activity 

AFP activity is considered to reflect osteoblastic 
activity and is thought to play a major role in bone 
formation and mineralisation [14]. The enzyme activity 
withm the lysate was measured with a commercial Kit 
(Sigma ALP-10. cat. no. 245). One unit of LPA activity is 
defined as that amount of enzyme, which produces 
1 umol of /Miitrophenol (PNP) min. The total protein 
amount was used to normalise the ALP activity. 

2~. Fibronectin measurement 

FN is one of the most abundant extracellular matrix 
components m many tissues and has been shown to be 
present in early bone formation [15]. A commercially 
available Human Fibronectin ELISA kit (Biomedical 
Tech Inc.. Stoughton. MA. CSA) was used to measure 
FN within the lysate. The FN production was norma- 
lised by the total protein amount. 

2.S Statistical analysis 

The viability and proliferation of MG-63 are pre- 
sented at each time point (12. 24. and 72 h) correspond- 
ing to the mean + standard error of three independent 
analyses. Gene expression results of SaOS-2 are 
presented at week 1 and corresponded to the mean± 
standard error of three independent analyses perf ormed 
in duplicates. The AFP activity and FN normalised by 
TP of SaOS-2 are presented at each time point (1.2. 3 
and 4 weeks) corresponding to the mean ± standard 
error of four independent analyses performed in 
duplicates. A NOVA was used to determine the stati- 
stical significance of the differences observed between 
groups, p values smaller than 0.05 were considered 
significant. 

2.V. ( 'dl niorpholoa\ 

Cell morphologx studies can provide information 
concerning the cell interaction with the treated 
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Pi (v\l 4\' implant and cell cell contact. Sa()S-2 cells 
were seeded on to each sample i In mm i at a concentra- 
tion ol" Zlioii cells well in 24-well tissue culture plates tor 
24 h and ~ da\s. Ceils were then fixed with I " 
glutaraldeln de i Sigma I m PBS. treated with I",, Triton 
\. 2 nil! nil sodium borohulrule < Sigma I in PBS and 
stained with 4 nil rhodamm-phalloidin (Sigma) Tor 
actin microfilaments. A Nikon Fclipse TF^M) inverted 
epitluorescence microscope enabled cells to he visua- 
lised. A Standard tiller set nlOnm) was used lor 
rhodamm-phalloidin. Images were acquired with a 
Micromax PB1300 cooled CCD camera {Roper Scien- 
tific. Trenton. NJ) and image contrast enhancing was 
performed using a MetaMorph imaging system (I'ni- 
versal Imaging Corporation. Westchester. PA). The cell 
morphology and particularly the actin filament organi- 
sation were usiialh examined. 



3. Results 

3.1. Cell viability proliferation 

There was no significant di (Terence between the 
three different treated samples for the cell viability of 
MCi-63 during the test {Pig. 1). The aged sample had 
higher cell proliferation compared to the pussivated 
samples at 72 h ( Fig. 2). 

3.2. Osteoneetin, osteopontin. osteoealein 
acne expression 

There was no significant difference between the three 
different treated samples for the osteonectin, osteopon- 
tin. and osteocalcin gene expression of SaOS-2 at week 1 
(Fig. 3). The level of gene expression was comparable 



for osteonectin and osteopontin lor each sample while 
higher level was found for osteocalcin ol NIC i - f 1 3 during 
the test ( Fig. I ). 

3.3. Alkalint />/]iM/t/ii//(/M' i/Jir?/! 

The .API* acti\it\ of the control sample was statisti- 
call\ higher than the passi\aled and the aged samples at 
week 2 (Pig. 4>. At week 4. the aged sample induced a 
statistical!} higher AFP uctiut\ than the passivated and 
the control samples. 

3.4. Fibriifieetin measurement 

No FN activit} was detected at week 1 (Fig. 5). FN 
activity was observed after week 2 and reached a peak at 
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I lg 2. Proliferation of MG-fO cells on the different Ti (v\l 4V 
samples The proliferation of P and .A ua> normalised b> the 
proliferation of C A significant difference between the aged and 
passivated samples was found at ~2h (*: • oil;. [>; pasSiYated; 
A: aged). 




week ; beb<rc deuv.omg -i! w .vk 4 I here ua- iu* 
significant difference amoiie the three surlacc treat- 
ments 

.v;. ( i // m<>rpli>>i"ii\ 

After 24 h. bundlc> of aun; lihmicnu miv>n fibres) 
were found and cells had an angular shape on l he three 
different treated siulaccv 1 «^al adhesion and some 
small stress fibres weic also \ i^i hlc al the cells periphery 
(I m. M After "daw ell cell e.-ntact was \isuahsed tor 
the osteoblasts, on these thtee suifacc treatments No 
major difference was wsuallv found between the three 
surface treatments. 
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4. Discussion 

In sluat-teim in utro tests i:4hi. cell \iabiiit\ 
proliferation and cell morphology demonstrated no 
cMdenee of eell toxicity in response to the ditlerent 
treated Ii (\\\ 4Y surfaces. Moreover, the cell mor- 
pholoii\ of SaOS-2 clearly sinewed that focal adhesion 
sites localised at the periphery and bundles ol actin 
filaments spanned the entire cells when cells were seeded 
on the three ditlerent samples (Hg.M. Based on these 
results, it was not possible to discriminate the etlccts of 
the ditlerent surface treatments on osteoblasts bcha- 
\ lour. 

Differences between osteoblasts beha\ lour became 
apparent only since "2 h with a significant difference in 
proliferation between the aged and the passi\ated 
samples (lag. 2). Ihe proliferation measurement was 
based on cellular reduction of M I S and was dependent 
on the reduced pyridine nucleotides NADU and 
NADPH. i.e. finally on mitochondrial activity. Ihe 
cellular damage in mitochondria inevitably results in 
loss of the ability of the cell to maintain and provide 
energv for metabolic cell function and growth [lb]. 
Decrease in cell proliferation suggests that metal 
ion release may indeed alfect mitochondrial activity. 
Nevertheless, this hypothesis needs to be further 
confirmed. 

It has been found that by affecting their proliferation, 
osteoblasts may delay the time course of their diller- 
entiation stages e.g. [17]. In the present studv 
showed that metal ion release from the different surface 
treatments affected the cell proliferation. Therefore, it 
seems reasonable to assume that the different surface 
reatments may shift the time course of differentiation 
stage. A delay in the peak measurement of ALP activity 
was noted on the aged and the passivated samples 
compared to the control sample (big 4). Even though 
results comparisons between two different cell lines 
should be handled carefully , it seems that the decrease ol 
MG-63 proliferation and the delay in the peak 
measurement of SaOS-2 ALP activity agrees with the 
assumption mentioned that surface treatment could 
delav the differentiation pathway of the osteoblasts. 
A similar result has been demonstrated in a previous 
study [IS]. 

The osteocalcin, osteopontin and osteonectin are 
important osteoblastic markers and are expressed at 
ditlerent maturation stages of the osteoblasts [\% These 
three genes ha\e been shown to be differently involved 
in the bone mineralization process. Osteocalcin, which is 
the most osteoblast-specilie gene yet known [20]. has 
been demonstrated to stimulate bone mineral matura- 
tion [21]. Osteopontin has been shown to inhibit the 
erWal growth of hydroxy apatite eg [22]. while 
osteonectin has been suggested to promote collagen 
mineralization (23], In the present study . no ditlerenee m 
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osteocalcin, osteopontm and osteonectin gene expres- 
sion was found at week 1 between the samples. The 
different surface treatments seen then not to induce a 
dillerent mineralization process, at least during the first 
week. 

No FN was detected at week 1 . Other proteins such as 
collagen may play a major role in the cell attachment to 
the dillerent samples instead of FN at week 1 e.g. [24|. It 
may also he possible that the metal ion release from the 
samples affected the initial production of FN. A 
previous suidv has demonstrated that I N was not 



involved in the adhesion of osteoblasts to uncoated Ti 
alloy at 24 h [2^]. Moreover, the integrin y.< w hich is a 
major adhesion receptor of osteoblasts interacting with 
FN [2f>.2 7 | was not detected in cell cultured on 
polished or rough Ti (\\\ 4Y at 12 h while it was 
detected for cell cultured on pohstyrene [2S]. Despite 
results of the study by Smha and Tuan [2S] were 
obtained at 12 h while present FN results were obtained 
at week 1. they could support the hypothesis that 
proteins other than FN were invoked m the osteoblast 
adhesion to Ii alloy. I he production of I N observed 
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Alley two weeks could i hen prM\ih!y he due u» cell u'll 
contact e.g. [»j I he mcreaMiig 1\ pii<ductu»n at 
week 2 and could alvi contribute cell spreading 
conhguration maintaining the survival of mature 
osteoblasts [3(1]. 

Previous work m our Liroup has demonstrated that the 
ditlerent surtaee treatments alter the metal ion release 
kinetics and surtaee composition of the I i (\\\ 4V 
alloy l"K}\}. The release of Ai ions was found to he 
about ().n4um lor the ageing treatment and about 
5.55 um tor the passivation treatment alter 7 davs [^] 
The osteoblasts cultured on the aged surface experienced 
therefore, a much lower concentration of Al ions during 
the test duration. The kinetics of the metal ion 
dissolution, especially for Al. could then explain the 
ditlerences in cell behaviour, which were observed onh 
in long-term m vitro study. Indeed, results of ALP peak 
activity at week 2 for the control treatment compared to 
the passivated and. aged treatments was in agreement 
with a previous study using a similar Al ion concentra- 
tion [32]. It should be noted also that the only difference 
in terms of ion release composition between the different 
Ti 6A1 4V surface treatments was the presence of 
vanadium for the control treatment. It may be possible 
therefore, that vanadium also has an impact on 
osteoblast differentiation by maturing the osteoblasts 
taster. Further experiments on this particular hypothesis 
need to be performed before a definitive conclusion can 
be drawn. 

It has been shown that surface roughness influenced 
the cell behaviour [12]. We have used XPS and AIM 
techniques to examine the surface properties of the 
treated Ti 6A1 4V surfaces [33]. A difference in rough- 
ness (R ul ) between the passivated and the aged samples 
could only be observed at a small scale ( 1 pnr). The area 
average R A was about 0.99 nm (C). 1 .29 nm (P) and 
0.56 nm (A). Therefore, at the cell level, the roughness 
could be considered as similar between samples and 
could not explain the differences in osteoblasts beha- 
viour. 

Incompatibility tests such as those performed in 
this study can only quantify particular aspects of 
cell behaviour. The cell reaction to an implant is 
however a very complex situation and can only be 
partially understood using standard biological assavs. 
In order to have a comprehensive description of the 
cell implant interaction with surface treated Ti 
iilloy. cDNA microarray technology mav be performed 
eg. (34.35]. This represents the next step of this 
studv . 



^- C (inclusions 

In this study, short-term (24 hi in vitio espeiiments 
demonstrated that different Ti 4Y Mirface treat- 



ments had negligible clients on the measured para- 
meters. C ell \ lability remained unaffected and cell 
morphology expressed rich acini filaments. In longer 
m \itro experiments (from "2 h until 4 weeks), the 
dillerencc m the kinetics of metal ion dissolution 
between treatments is more important and consequently 
a higher cell proliferation on the aged sample and an 
accelerated peak of ALP activity on the control sample 
were observed. Osteonectin, osteopontm. and osteocal- 
cin gene expression (at week 1 ) as well as I N production 
(until week 4) were not affected by the different surface 
treatments. Hased on our previous metal ion release 
studies and surface analy ses. A I ions release kinetics as 
well as presence of vanadium ions may play a major role 
in influencing the osteoblasts behaviour in the present 
studv . 
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2-Methoxyestradiol Induces Interferon Gene Expression and 
Apoptosis in Osteosarcoma Cells 

A MAR AN. 1 M. ZHANG. 1 A. M. KENNEDY, 1 J. D. SIBONGA, 1 D. J. RICKARD, 2 T. C. SPELSBERG. 1 2 
and R. T. TURNER 1 2 
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2-Methoxyestradiol (2-ME), a naturally occurring mamma- 
lian metabolite of 17p-estradiol, has been implicated as a 
physiological inhibitor of tumor cell proliferation. In this 
study, the effects of 2-ME on cultured osteosarcomatous cells 
were investigated. Dose-dependent growth inhibition was 
observed in MG63 and TE85 human osteosarcoma cells 
exposed to 2-ME. The cell killing by 2-ME was ligand- 
specific; the immediate precursor (2-hydroxyestradiol), the 
parent compound (17p-estradiol), and the equivalent metab- 
olite of estrone (2-methoxyestrone) exhibited less potency and 
efficacy. Furthermore, 2-ME was similarly effective at killing 
immortalized human fetal osteoblastic cells (hFOB) with and 
without estrogen receptor-a and -P and rat osteosarcoma 
cells (ROS17/2.8). The cytotoxicity of 2-ME was selective to 
transformed and immortalized osteoblastic cells; 2-ME (2 
fim) had no effect on the proliferation of primary cultures of 
human osteoblasts. Co-treatment with the potent estrogen 
receptor ligand, ICI-182,780, did not reduce 2-ME-induced 
osteosarcoma cell death, implying that this action is not 
mediated by conventional estrogen receptors. The expression 
levels of bone matrix protein genes, type 1 collagen and 
osteonectin, were transiently reduced after 2-ME treatment, 
suggesting that the surviving cells are capable of producing 
bone matrix. The 2-ME-mediated killing of osteosarcoma 
cells w as due to the induction of apoptosis; treatment induced 
expression of interferon genes within 12 h and histological 
evidence of apoptosis within 48 h of 2-ME treatment. Thus, 
our results demonstrate that 2-ME is highly cytotoxic to 
osteosarcoma cells but not normal osteoblasts. These findings 
suggest that further study of 2-ME as a potential intervention 
for treatment of osteosarcoma is warranted. (Bone 30: 
393-398; 2002) © 2002 by Elsevier Science Inc. All rights 
reserved. 

Key Words: Estrogen metabolism; Human bone cells; Osteo- 
blasts; Osteosarcoma; Interferon; Apoptosis. 



Introduction 

Osteosarcoma is a malignant tumor of bone that is most prevalent 
in adolescents and young adults. Osteosarcoma accounts for 
approximately 59 of the tumors in childhood and 807c of these 
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tumors originate around the knee." Ar * The prognosis is often poor 
and. within 1 year after commencing definitive therapy, about 
309 of patients diagnosed with osteosarcoma will develop lung 
metastasis. 20 26 The prognosis appears to be determined by the 
site of metastases and surgical resectability of the metastatic 
disease, either at diagnosis or following a variable period of 
chemotherapy. Patients who have complete surgical ablation of 
the primary and metastatic tumor (when confined to the lung) 
following chemotherapy may attain long-term survival, although 
event-free survival remains about 209 for patients with meta- 
static disease at diagnosis. ig Patients developing recurrent dis- 
ease often have a poor prognosis and die within 1 year of the 
development of metastatic disease. Chemotherapy is often inef- 
fective, resulting in a high mortality rate. Hence, it is important 
that new therapeutic approaches are evaluated for this malignant 
disease. 

2-Methoxyestradiol (2-ME) is an endogenous metabolite of 
17p-estradiol, which is produced by sequential 2-hydroxyiation 
and 0-methylation. 8 2-ME is present in human blood and urine 
and has been reported to inhibit endothelial cell proliferation and 
angiogenesis. 7 ' 28 ' 29 The mechanism of the antiangiogenic activ- 
ity of 2-ME is not fully understood. Two potential mechanisms 
have been proposed: (1) disruption of the cytoskeleton during 
cell division; and (2) induction of apoptosis. 2-ME inhibits 
tubulin formation, causes disturbances in mitosis, and produces 
abnormal metaphase in some cell types 6 In other cell types. 
2-ME stimulates expression of the p53 gene, which also leads to 
the induction of apoptosis. 18 - 19 

The direct effects of 2-ME on osteoblasts have not been 
studied. However, administration of high doses of 2-ME to 
growing female rats did not disturb normal bone turnover. 24 In 
the present study, we evaluate the effects of 2-ME on survival of 
osteosarcoma cells in culture. 

Materials and Methods 

Cells and Culture Conditions 

MG63, TE85 human osteosarcoma cells, and ROS 17/2.8 rat 
osteosarcoma cells were grown in Dulbecco's modified eagle's 
medium (DMEM)/F12 medium containing 109 charcoal- 
stripped fetal bovine serum and supplemented with 100 units/mL 
penicillin and 100 u-g/mL streptomycin. Human fetal osteoblast 
(hFOB) cells 10 and hFOB cells overexpressing estrogen receptor 
a (hFOB-ERa) 1 1 and estrogen receptor p (hFOB-ERp) 27 were 
grown in DMEM/F12 medium containing fetal bovine serum 
(FBS). penicillin, streptomycin, and geneticin (300 ag/ml). 
The laboratory of Dr. B I. Riggs (Mayo Clinic* kindly 
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Figure 1. 2-Mcthoxyestradiol has greater potency and efficacy in killing MG63 osteosarcoma cells than either 173-estradiol ^-hvdroxvestradiol or 
^-methoxyestrone. MG63 osteosarcoma cells were treated with vehicle, 0.1. 1, 2, 5, 10. 20. or 50 nmoI/L 2-ME. 2-OHE 2-MEOE and E for 7~> h 
The cells were harvested and the viable cell counts were taken after staining with trypan blue. Values are the mean ± Se"(N = ^ replicate cultures)" 
*/ ~ 0 -°M^mpared with vehicle, by one-way ANOVA and Fisher's PLSD analysis). From a semilogariihmic dose-response plot (not shown) we 
determined that 2-ME resulted in complete cell killing with an LD 50 of 1.5 jimol/L. The experiment shown is representative of 6-1 S experiments The 
absence of an error bar denotes a line thickness greater than error. Veh. ethanol vehicle control. 



provided primary human osteoblast (hOB) cells. hOB cells were 
established from cancellous bone obtained as waste from ortho- 
pedic procedures in accordance with institutional regulations and 
cultured as explants to generate the osteoblast-like monolayers, 
as previously described. 3 21 hFOB cells and hFOB cells stably 
transfected with estrogen receptors (ERs) were maintained at 
34°C and all other cells were incubated at 37 C C under 5% C0 2 
in air. 

Metabolite Treatment and Cell Growth Assay 

Cells were plated at 5 > 10 4 cells/well into 24 well plates containing 
1 mlVwell medium. After allowing the cells to attach overnight, the 
media in the wells were replaced with a fresh 1 mL of medium. 
ICI- 182,780 was kindly provided by Zeneca Pharmaceuticals 
(Macclesfield, Cheshire, UK). The metabolites were added to each 
well containing 1 mL of medium and diluted 1000-fold to give the 
final required concentrations, and maintained for 72 h. 2-Me- 
thoxyestradiol (2-ME), 2-hydroxyestradiol (2-OHE), 2-me- 
thoxyestrone (2-MEOE j), and 173-estradiol (Ej) were purchased 
from Sigma Chemical Co. (St. Louis, MO) and the stock solutions 
at different concentrations were made in 95% ethanol. 

Cell growth was measured by taking the viable cell count. At 
the end of metabolite treatment, cells were harvested, stained 
with trypan blue, and counted with the aid of light microscopy. 

RNA Isolation 

Cells were plated at 10 6 cells per flask in T-75 culture flasks 1 
day prior to metabolite treatment. The next day, cells were 
replaced with fresh medium containing 10 ixmol/L concentra- 
tions of 2-ME and incubated for different periods of time. The 
cells were harvested and the cell pellets were used for RNA 
isolation. Total cellular RNA was extracted and isolated using a 



modified organic solvent method and the RNA yields were 
determined spectrophotometrically at 260 nm. 5 

Northern Blot Hybridization 

Total RNA samples (10 ^g) were used for northern blot analysis 
as previously described. 16 Labeling of cDNAs, hybridization, 
and quantitation by Phosphorlmager (Molecular Dynamics. 
Sunnyvale, CA) were carried out as previously described. 16 
Labeled cDNAs for type I collagen, osteonectin, and 18S rRNA 
were used for probing the blots. The amounts of RNA loaded and 
transferred were assessed by methylene blue staining of the 
membranes and hybridization with a cDN A for 1 8S ribosomal 
RNA. 

RNase Protection Assay for Cytokines 

The total RNA isolated was analyzed by RNase protection assays 
using antisense RNA probes. The antisense RNA was synthe- 
sized using cDNA templates (Pharmingen, San Diego, CA). We 
measured the mRNA concentrations of the following cytokines: 
transforming growth factor-0 (TGF-P)-l, 2, and 3; tumor necro- 
sis factor-a and -0 (TNF-a and -0); interleukin (IL)-la, -1(3, 
-IRa, -6, -10. and -12 (p35 and p40); interferon (IFN)-p and -7: 
and lymphotoxin (LT)-p. Quantitation of protected RNA frag- 
ments was performed by Phosphorlmager analyses and normal- 
ized to glyceraldehyde 3-phosphate dehydrogenase and ribo- 
somal structural protein L32. 

Terminal Deoxynucleottdyl Transferase -mediated dVTP Nick 
End Labeling Assay 

Apoptotic cells were detected using a terminal deoxynucleotidvl 
transferase-mediated dLTP nick end labeling (TUNEL) enzy- 
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Figure 2. Effect of 2-ME on osteoblasts and osteoblast-like cells. Cells 
were treated with vehicle and 2 |j,mol/L 2-ME for 72 h. The cells were 
harvested and the viable cell counts were taken after staining with trypan 
blue. Values are the mean ± SE (N - 3 replicate cultures). *p < 0.05 
(compared to vehicle using one-way AN OVA and Fisher's PLSD anal- 
ysis). Dose-response studies revealed (data not shown) that the LD M) 
values for TE85 and ROS 17/2.8 cells were approximately 4 and 1 
jimol/L. respectively. The experiment shown is representative of three 
experiments. The absence of an error bar denotes a line thickness greater 
than the error. Veh. ethanol vehicle control. 



dish. CVIls were washed once with phosphate-buffered saline 
(PBS i and allowed to air dr> before being fixed in 4 f 7 parafor- 
maldehyde prepared in PBS i Sigma > for 1 h at room temperature. 
Following a PBS rinse, endogenous peroxidase was blocked by 
incubating cells for I h at room temperature with 0.3 ( ( hydrogen 
peroxide in methanol (Sigma). The latter was performed for the 
option of converting fluorescein-labeled cells to peroxidase - 
labeled cells and DAB criminogenic detection. After the PBS 
rinse, cells were permeabilized on ice with incubation in 0.1 ^ 
Triton X-100 in 0A c 'c sodium citrate for 2 min. Coversiips were 
rinsed twice in PBS before the addition of TUN EL reaction 
mixture U(X) ijlL). One well containing untreated cells was 
treated with 2 iag/mL DNase I (Promega, Madison, \VI ) for 10 
min at room temperature to serve as a positive control for the 
TUNEL reaction. Coversiips were incubated in TUNEL reaction 
mixture for 1 h at 37 C C. Coversiips were nnsed three times with 
PBS before visualization by fluorescence microscopy. Negative 
controls consisted of three different treatments: ( 1 ) 2-ME-treated 
cells incubated 1 h at 37 C in the absence of transferase enzy me 
in the TUNEL mixture; (2) cells treated with vehicle only: and 
(3) untreated adherent cells. 

Sta tistical A na lysis 

All values are expressed as means ± standard error. Significant 
differences between groups were determined by Fisher's pro- 
tected least significant difference post hoc test for multiple-group 
comparisons following detection of significance by one-way 
analysis of variance (ANOVA). p < 0.05 was considered statis- 
tically significant. 



matic labeling assay as per the manufacturer's protocol (Boehr- 
inger Mannheim. Indianapolis. IN), which directly labels the 
ends of broken DNA strands with fluorescein-dUTP. Apoptotic 
cells in adherent cultures were detected by fluorescence micros- 
copy In brief, the TUNEL assay was performed on coversiips of 
adherent cells contained in individual wells of a 24 well culture 



Results 

Effect of Estrogen and Estrogen Metabolites on Survival of 
Osteo sarcomatous and Osteoblastic Cells 

The growth of MG63 osteosarcoma cells was examined in the 
presence of estrogen metabolites 2-ME, 2-OHE, 2-MEOEj, and 
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Figure 3. Antiestrogen ICI- 182.7SO does not block the 2-ME induced 
killing of osteosarcoma cells. MG63 Cells were treated with vehicle 2 
M.mol/L 2-ME in the presence and absence of 0.1, 2. and 20 ^mol/L 
concentrations of ICI- 182.780 (ICI) for 72 h. The cells were harvested 
and the viable cell counts were taken after staining with trypan blue 
Values are the mean r SE <N = 3 replicate cultures). *p ^ 0.05 
(compared with vehicle using one-ua\ ANOVA and Fishers PLSD 
analysis). Results are representative of three independent treatments 
Veh. ethanol vehicle control 
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Figure 4. 2-ME treatment leads to a decrease in bone matrix gene 
expression. MG63 cells in triplicate cultures were treated with 10 |xmol/L 
2-ME. Cells were harvested at the end of 0. 12. 24, and 72 h of treatment 
and used for RNA isolation. Total RNA isolated from cells was analyzed 
In northern blot hybridization Values arc the mean * SF fN = ^ 
replicate cultures i. *p < 0 05 (compared uith time point 0 using one-way 
ANOVA and Fisher's PLSD analysis!. 
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Figure 5. Detection of apoptosis by TUNEL assay in 2-ME-treated MG63 cells. Cells were cultured as described in legend to Figure 1 in the presence 
and absence of 2-ME. (A) Veh, ethanol vehicle control showing no stain. (B) Positive control where DNA breaks were introduced by DNase I treatment. 
(C) UV, cells treated with 10 ^mol/L 2-ME and analyzed under ultraviolet light. (D) VIS + UV, cells treated with 10 u.mol/L 2-ME and analyzed under 
visible and ultraviolet light. 



the parent compound E 2 (Figure 1). Viable cell counts taken 
after 72 h of treatment revealed that about 80% of the cells were 
killed at 2 jimol/L of 2-ME alone. At 20 and 50 u.moI/L, about 
95% and 100% cell death was observed with 2-ME. On the other 
hand, the 2-OHE, 2-MEOE,, and E 2 treatments resulted in partial 
killing. 

When the effects of 2 fjimol/E 2-ME on the proliferation of 
several osteoblastic cell lines at the end of 72 h of treatment were 
investigated, we observed that the survival rates for human 
osteosarcoma cells (MG6? and TE85 ) and rat osteosarcoma cells 
(ROS 17/2.8) were reduced to 2T7. 9%. and 19%. respectively 
(Figure 2i. The cell numbers for immortalized human FOB cells. 
FOB cells expressing ERa, and FOB cells expressing ERp were 



also reduced to 15%, 24%, and 247c, respectively. However, the 
survival rate for normal hOB cells derived from adult patients 
was 89%. 

Effect of Antic strogcn ICI-182J80 on 2 -ME- mediated Cell 
Killing 

To determine whether the 2-ME-mediated cell killing in osteo- 
sarcoma requires binding to either ERa or ER(3, the cytotoxic 
effect of 2-ME on MG63 was followed in the presence and 
absence of ICI- 1 82.780 (Figure 3). 2-ME at 2 ^mol/L decreased 
MG63 cell survival to <20% compared with vehicle controls. 
Cotreatment of ICI-182.780 at the 0.1. 2 (1^), and 20 (10 v ) 
(imol/L concentrations of 2-ME used in this experiment did not 
block cell killing by 2-ME. Also. ICI-182.780 had no indepen- 
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Figure 6. 2-MH induces interferon-p mRNA levels. (A) Gel. (B) 
Quantitation by Phosphorlmager. MG63 cells in triplicate cultures were 
treated with 10 jimol/L 2-ME. Cells were harvested at the end of 0, 12, 
24. 48, and 72 h of treatment and used for RNA isolation. Total RNA 
isolated from the cells was analyzed by RNase protection assay using the 
human cytokine template set for multiprobes (BD Pharmingen, San 
Diego. CA). Quantitation of protected RNA fragments was performed by 
Phosphorlmager analyses and normalized to L32 mRNA levels. Values 
are expressed as mean ± SE (N = 3 replicate cultures). *p < 0.05 
(compared with timepoint 0, using one way ANOVA and Fisher's PLSD 
analysis). 

dent effect on cell survival at 0. 1 and 2 u.mol/L (lower) concen- 
trations. Very high concentrations of ICI- 182,780 (20 p.mol/L) 
slightly reduced cell survival to 71%. 

Effect of 2-ME on Bone Matrix Gene Expression 

The time-course effects of 2-ME (10 pjnol/L) on steady -state 
mRNA levels for bone matrix proteins were determined (Figure 
4). 2-ME treatment led to transient decreases in type 1 collagen 
mRNA levels by 26% and 37% and osteonectin by 50% and 38% 
after 12 and 24 h. respectively. The mRNA levels for the bone 
matrix proteins returned to normal levels by 72 h. 

Induction of Programmed Cell Death by 2-ME in 
Osteosarcoma Cells 

We examined the effect of 2-ME on in situ apoptosis at the 
single cell level, based on labeling of DNA strand breaks 
using the TUNEL method. Figure 5C shows typical positive 
staining of MG63 osteosarcoma cells after exposure to 10 
pLmol/L of 2-ME for 48 h. In contrast, cells exposed to vehicle 
for 48 h had no staining (Figure 5A). In an untreated control, 
where the DNA breaks were introduced by DNase I treatment, 
there was positive staining (Figure 5B». Untreated MG63 
control and cells exposed to 2-ME but incubated in the 
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absence of transferase enzyme in the IT ML mixture showed 
no staining < not show n ). 

Effect of 2-ME on Cytokines ami Grow th Eactors 

We measured the changes in steady-state mRNA levels tor 
cytokines that have been implicated in the regulation of bone 
formation and resorption. We analyzed the mRNA concentra- 
tions for members of the interleukin (1L) family, IFNs TNF. 
and TGF-p bv RNase protection assay. Although many cyto- 
kine genes, including IL-la. IL-ip. IL-IRa, IL-6. IL-10, 
IL-12, IFN-7, TNF-a, TNFp, and lymphotoxin-P were not 
detected in either control or 2-ME-treated cultures, there were 
2-ME-induced increases in the mRNA levels of IFN-p, TGF- 
(31. TGF-P2. and TGF-p3. The IFN-P mRNA level was 
increased bv 500% within 12 h of 2-ME treatment and reached 
a maximum of 2W0 c i by 48 h (Figure 6). TGF-pi, TGF-P2. 
and TGF-p3 mRNA levels were increased by 177%, 289%, 
and 178%, respectively (data not shown), and thereby showed 
a modest response to 2-ME treatment. 

Discussion 

2-ME treatment resulted in the inhibition of osteosarcoma cell 
growth, at least in part by decreasing cell survival. This dose- 
dependent cell death w as dramatic and specific to osteosarcoma 
and immortalized osteoblastic cell lines. The growth of normal 
human osteoblasts was not affected, suggesting that 2-ME may 
be useful as a therapeutic agent for bone metastasis. The lack of 
toxic effects of high dose rates of 2-ME on normal osteoblasts 
has also been confirmed in rats. 24 Although 2-ME-mediated 
growth inhibition and cell death have been documented in 
various tumor cells, 19 - 2 ^- 28 this is the first report of 2-ME 
inducing apoptotic cell death in a cancer cell of bone origin. The 
induction of cell death is found to be specific to 2-ME, as its 
immediate precursor, 2-OHE, showed reduced potency and effi- 
cacy. 2-OHE, 2-MEOE,, and E 2 were also cytotoxic to osteo- 
sarcoma cells, albeit to a lesser extent than 2-ME. 2-OHE, 
2-MEOE^ and E 2 may have inherent cytotoxic activity or, 
alternatively, their activities may be due to further metabolism to 
2-ME. 2-Hydroxylase and methyltransferase have been shown to 
be widely distributed 2 Further studies are necessary to determine 
whether these two enzymes are expressed in osteoblasts. 

E 2 , which has a 2000-fold higher binding affinity to the 
estrogen receptor than 2-ME, 17 has much less effect than its 
metabolite on osteosarcoma cell survival. This finding suggests 
that the toxic effects of 2-ME are not mediated through conven- 
tional estrogen receptors, a conclusion supported by two addi- 
tional independent lines of evidence. First, 2-ME was equally 
effective in killing cells expressing both low and high levels of 
endogenous estrogen receptors. Second, the cytotoxic effects of 
2-ME were neither antagonized nor potentiated by the high- 
affinity estrogen receptor ligand, ICI- 182,780. 

The positive TUNEL assay indicated that 2-ME induced cell 
death in osteosarcoma cells by apoptosis. The observed transient 
reductions in expression of type 1 collagen suggests that the 
estrogen metabolite inhibits osteoblast activity, because a strong 
correlation between mRNA levels for this bone matrix protein 
and histomorphometric indices of bone formation have been 
shown. 25 The parallel change in mRNA levels for osteonectin 
supports this conclusion. 

The IFN-p- and TGF-p-mediated induction of apoptotic path- 
ways has been well established. 4,12 " 14 However, this is the first 
study implicating these cytokines in 2-ME-induced programmed 
cell death. Earlier studies have implicated a p53-genc-mediated 
pathway in 2-ME induction of programmed cell death. 18 19 Thus, 
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2-ME mas induce multiple pathways leading to programmed cell 
death. 

Although the physiological significance ot 2-Mh is not yet 
clear, this" naturally produced estrogen metabolite has highly 
desirable properties' that clearly discriminate between normal and 
tumor cell growth. 2 ' Further investigation of the therapeutic 
potential ot 2-ME for treatment of osteosarcoma is warranted. 
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^ABSTRACT 

| Neuroblastoma (NB>, a common pediatric neoplasm, consists of two 
main cell populations: neuroblastic/ganglionic cells and Schwann cells. NB 
tumors with abundant Schwannian stroma display a more benign clinical 
behavior than stroma-poor tumors. Recent studies suggest that Schwann 
cells influence NB tumor growth via secreted factors that induce differ- 
entiation, suppress proliferation, and inhibit angiogenesis. Two angiogen- 
esis inhibitors, pigment epithelium-derived factor and tissue inhibitor of 
tnetalloproteinase-2, have been detected in Schwann cell secretions. Here, 
e isolated another Schwann cell-derived secreted inhibitor of angiogen- 
esis, a 43-kDa protein identified as SPARC (secreted protein acidic and 
rich in cysteine), an extracellular matrix protein. We found SPARC to be 
critical for the antiangiogenic phenoty pe of cultured Schwann cells. We 
> show that purified SPARC potently inhibits angiogenesis and signif- 
xantly impairs NB tumor growth in vivo. SPARC may be an effective 
ndidate for the treatment of children with clinically aggressive, Schw an - 
! an stroma-poor NB tumors. 

TRODUCTION 

NB, 3 a common pediatric neoplasm that arises from neural crest 
tissue, has a broad spectrum of clinical behavior (1-4). Although 
umerous factors including stage (5), patient age (6), tumor histology 
(7), molecular markers (8, 9), and genetic abnormalities (10-13) have 
een shown to be predictive of outcome in children with NB, the 
mechanisms responsible for the highly variable clinical behavior of 
B remain largely unknown. Several recent studies implicate angio- 
enesis in the regulation of NB growth. In primary NB tumors, high 
avascular index correlates with MYCN amplification, metastases, and 
r outcome, whereas low tumor vascularity is associated with 
better prognosis, localized stage, and favorable histology (14). 
dvanced-stage NB is associated with high levels of angiogenic 
timuli and a v /3 3 and a v /3 5 integrins, both markers of active angio- 
enesis (15, 16). Overexpression of exogenous MYCN results in 
nhanced malignant growth of NB cells and reduced levels of activin 
an inhibitor of angiogenesis (17). Expression of the neurotrophin 
ceptor TrkA also causes down-regulation of angiogenesis stimula- 
~rs and impaired tumorigenicity in a mouse xenograft model (18). 
urthermore, preclinical studies have shown effective reduction of NB 
nor growth in vivo by a variety of antiangiogenesis agents (16, 
.9-23). 
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NB tumors consist of two main cell populations, neuroblastic/ 
ganglionic cells and Schwann cells (24). The ratio of these cell types 
varies according to tumor maturation. Immature NB tumors are com- 
posed of undifferentiated neuronal cells and a paucity of Schwannian 
stroma, whereas larger, ganglion-like cells and abundant Schwannian 
stroma are seen in maturing NB tumors. The Schwann cells are 
thought to be normal cells that infiltrate the NB tumor (25), although 
a recent report suggests that the Schwann cells may be malignant (26). 
The favorable prognostic impact of the presence of Schwannian 
stroma has been emphasized in the pathological classification system 
of Shimada et al (24) and the International NB Pathology Classifi- 
cation System (7). It has been speculated that Schwann cells influence 
NB tumor growth by secreting molecules that serve as antiprolifera- 
tive and differentiating factors for neuronal cells (25, 27, 28). 
Schwann cells also produce a spectrum of angiogenesis inhibitors (29, 
30), suggesting that Schwann cells may also influence NB growth by 
restricting angiogenesis. 

The angiogenesis inhibitors PEDF and TIMP-2 have been previ- 
ously found in media conditioned by Schwann cells, and both factors 
appear to contribute to the antiangiogenic activity of the SCM (29, 
30). In this study, we isolated an additional angiogenic inhibitor in 
SCM, identified as SPARC. SPARC, also known as osteonectin, 
BM-40, and 43K protein, is a highly conserved calcium-binding 
matricellular glycoprotein (31-33). SPARC is spatially and tempo- 
rally regulated during development, and it is transiently expressed in 
derivatives of the three primitive germ layers in mouse embryos (34). 
This glycoprotein is highly expressed in bone and in basement mem- 
branes as well as in a variety of cell types associated with remodeling 
tissues and high cellular turnover (35). Although its precise function 
is unclear, SPARC plays a modulatory role in cell-matrix interactions 
(36). SPARC induces cell rounding, blocks cell spreading and adhe- 
sion, and inhibits endothelial cell migration (37-39). SPARC also 
appears to contribute to vascular morphogenesis and cellular differ- 
entiation (36). However, the contradictory reports regarding the role 
of SPARC in cell growth and tumor formation (40-42) suggest that 
its effects are cell type specific and may be dependent on concentra- 
tion, extracellular matrix components, and the ability of the cell to 
proteolyze SPARC (42-44). 

We report that SPARC expression is inversely correlated with the 
degree of malignant progression in NB tumors. We also demonstrate 
that SPARC is one of the key contributors to the antiangiogenesis 
activity of the SCM. Purified SPARC blocks angiogenesis in vitro and 
in vivo and significantly impairs NB tumor growth in vivo. Our 
observations stress the cumulative nature of the angiogenic equilib- 
rium in NB tumors and suggest that a shift in the angiogenic balance 
may be prompted by even slight disturbances in the complex array of 
inhibitors and stimuli in the endothelial cell microenvironment. 

MATERIALS AND METHODS 

Cell Culture and CM Collection. Primary human Schwann cells were 
purified from adult nerves or from Schwannian stroma-dominant NB tumors 
and expanded as described previously (29. 30, 45). Tumor-denved Schwann 
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cells were maintained at 5 a c CO : in DMEM (Life Technologies, Inc., Grand 
Mand, NY) supplemented with 10^ fetal bovine serum (L'S Biotechnologies, 
Inc.. Parkerford, PA), 50 ng/ml recombinant human heregulin ^l (R&D 
Systems. Minneapolis. MN ), 1^ penicillin/streptomycin. 2.5 /ig/ml ampho- 
tericin, 0.5 fxSi lsobutylmethylx an thine (Sigma, St. Louis, MO), and 0.5 ^im 
forskolin (Sigma). NB cell lines used in this study have been described 
previously (46-49). with the exception of NBL-L and NBL-R. A/KCY-ajnpli- 
fied lines established in our laboratory from clinically aggressive NB tumors. 
NB cells were grown at 5^ CO z in RPMI 1640 (Life Technologies, Inc.) 
supplemented with 10'1 fetal bovine serum and antibiotics. For some experi- 
ments, 10 jiM al\-trans RA (Sigma) or 6 jim BrdUrd (Sigma) was added where 
indicated, and the cells were harvested at the indicated time interv als. CM from 
NB cell lines and SCM were collected as described previously (29, 30). 

Isolation of SPARC from SCM. Concentrated SCM were dialyzed against 
PBS and fractionated on a HiTrap Q-Sepharose column (Amersham, Piscat- 
away. NJ) with a 0.1-1.0 M NaCl gradient in 20 m.M Tris-HCl (pH 8.0). 
Fractions that blocked endothelial cell chemotaxis or induced endothelial cell 
apoptosis were dialyzed against loading buffer, fractionated using a HiTrap 
heparin-Sepharose column (Amersham; 0.1-1.0 M NaCl gradient), and sub- 
jected to identical functional assays. Fractions were analyzed by SDS-PAGE 
followed by silver staining. A common 43-kDa band in the inhibitory flow- 
through fractions was cut from a Coomassie Blue-stained gel and submitted for 
sequence analysis at the Harvard University Microchemistry Facility. 

SPARC Expression Analysis. To examine SPARC mRNA expression 
levels, total RNA was isolated from cultured cells using Trizol reagent (Life 
Technologies, Inc.) according to the manufacturer's instructions, and 1 fxg of 
total RNA was reversed transcribed using Superscript II (Life Technologies, 
Inc.). To detect the SPARC transcripts, semiquantitative RT-PCR was per- 
formed using template diluted 1:100 and the sense primer 5'-CTGCCTGC- 
C ACTG AGGGTTCC - 3 ' and antisense primer 5 ' -TCC AGGC AG AAC AA- 
CAAACCATCC-3'. /3-Actin was used as a loading control with template 
diluted 1:1000 and sense primer 5 ' -TGTTGGCGTAC AGGTCTTTGC-3 and 
antisense primer 5 ' - GCTACG AGCTGCCTG ACGG-3 ' . All targets were am- 
plified for 30 cycles at an annealing temperature of 60°C. SPARC mRNA 
levels were also analyzed using real-time RT-PCR as described previously 

(50) . For the quantitative real-time RT-PCR experiments, the primer pair 
5 -TCTTCCCTGTACACTGGC AGTTC-3 ' (sense) and 5' AGCTCGGTGT- 
GGGAGAGGTA-3 ' (antisense) was used with the probe Fam-CAGCTGGAC- 
CAGCACCCCATTGA-QSY7. SPARC protein levels in CM were examined 
by Western blots. Briefly, CM were concentrated 50-fold using 5K cutoff 
centrifugal filter devices (Millipore, Bedford, MA). Total protein (10 /ig) was 
electrophoresed in a 4-20% SDS-PAGE gradient gel and transferred to a 
nitrocellulose membrane (Bio-Rad, Richmond, VA) using standard techniques 

(51) . After transfer, the blots were stained with Ponceau S (Sigma) to confirm 
equal loading. Membranes were blocked with 5% nonfat dry milk for 1 h and 
then incubated for 2 h with anti-osteonectin antibody (referred to hereafter as 
anti-SPARC antibody: Zymed, San Francisco, CA) at a 1:2000 dilution. The 
membranes were washed three times with PBT (PBS with 0.1% Tween 20) and 
then incubated for 2 h with a 1:2000 dilution of horseradish peroxidase- 
conjugated secondary antibody (Kirkegaard and Perry Laboratories, Gaithers- 
burg, MD) The bound antibody complexes were detected using the LumiGLO 
chemiluminescence reagent (KPL). 

Immunohistochemistry Studies. Histological sections of human NB and 
ganglioneuromas (mature Schwannian stroma-rich NB) were immunostained 
using a mouse anti-SPARC monoclonal antibody (Zymed). Briefly, paraffin- 
embedded NB tumor tissue fixed in 10% buffered formalin was sliced into 
4-jim-thick sections, rehydrated in graded alcohols, and rinsed in PBS. Anti- 
gen retrieval was performed with 0.01 M citrate buffer (pH 6.0) in a boiling 
steamer (20 mm). Sections were incubated overnight with primary antibody 
( 1 : 1600 dilution) at 4 C C and developed w ith peroxidase labeled-dextran poly- 
mer followed by diaminobenzidine (Envision Plus System; DAKO Corp., 
Carpinteria, CA). Sections were counterstained with Gill's hematoxylin. A 
human Schwannoma sample was included in each assay as a positive control, 
and staining without primary antibody was used as a negative control. Cyto- 
plasmic patches of brown color were scored as SPARC positive. Rat antimouse 
monoclonal CD31 ( PhCAM-b antibody < 1 : 100 dilution. Research Diagnostics 
Inc.. Flanders, NJ) was used to highlight endothelial cells on frozen tumor 
sections. MVD was quantified by counting 10 consecutive fields at X200 



magnification, and the average MVD counted in the 10 fields uas reported as 
MVD/mnr. 

In Vitro Angiogenic Assay. Migration assays were pertormed with human 
umbilical vein endothelial cells [National Cancer Institute Preclinical Repos- 
itory (Bethesda. MD> and VEC Technologies (Rensselaer. NYij as described 
previously (29). Te^t substances were assayed in Opti-MEM media (Life 
Technologies, Inc.) with or without 3 ng/ml bFGF (National Cancer Institute 
Preclinical Repository ). Purified human platelet osteonectin (referred to here- 
after as SPARC) was obtained from Calbiochem (San Diego. CA). To generate 
dose-response curves, the data were normalized as percentage of maximum 
migration using the difference between bFGF/Opti-MEM-induced migration 
and background migration in Opti-MEM alone as 100% control. For some 
assays, neutralizing anti-SPARC antibody (Zymed) or isotype-matched control 
antibody was added to the media at 10 jig/ml after dialysis against PBS. 
Control mouse IgG was obtained from Lab Vision (Fremont, CA). 

Endothelial Cell Apoptosis Assay. Bovine adrenal capillary endothelial 
cells were treated overnight with SCM or control Opti-MEM. Dialyzed anti- 
SPARC antibody (Zymed) and control antibody were added at 10 ^g/ml in 
some assays. Apoptotic cells were visualized using the ApopTag in situ 
Apoptosis Detection kit UnterGen. Gaithersburg. MD). Each assay was per- 
formed in triplicate, and the percentage of apoptotic cells w as calculated as the 
number of green terminal deoxynucleotidyl transferase-mediated nick end 
labehng-positive cells with DNA fragmentation divided by the total number of 
Hoechst-counterstained nuclei. 

In Vivo Angiogenesis Assay. Female Fischer 344 rats (Harlan, Madison, 
WI) were used to perform rat corneal assays using previously described 
methods (29, 52). Briefly, 5 y\ Hydron pellets (IFN Sciences. New Brunswick, 
NJ) prepared with 25 ftg/rnl SPARC (Calbiochem) with or without 50 ng/ml 
bFGF were implanted into the corneas of anesthetized rats. Control studies 
were performed with pellets containing PBS w ith or without bFGF. Additional 
experiments were performed with pellets also containing 50 jig/ml anti- 
SPARC antibody (Zymed). After 7 days, the animals were sacrificed and 
perfused with waterproof drawing ink (Sanford, Bellwood, IL) by intracardiac 
injection. The eyes were fixed in 10% neutralized buffered formalin overnight 
The corneas were examined, and dense capillaries reaching the pellet were 
scored as positives. Animals were treated according to NIH guidelines for 
animal care and use, and protocols were approved by the Animal Care and Use 
Committee at Northwestern University. 

In Vivo Inhibition of NB Growth. NB xenografts were grown in female 
4 -6- week-old homozygous athymic nude mice (Harlan) after s.c. inoculation 
of 5 > 10 6 SMS-KCNR NB cells into the right flank. Once tumors were 
palpable, animals were anesthetized, and ALZET osmotic pumps (Durect, 
Cupertino, CA) containing purified SPARC (Calbiochem; n = 3) or PBS 
(n = 3) were implanted s.c. SPARC was released s.c. by the pump at a rate of 
62.5 ng/h. Tumor volume was measured weekly using the formula: tuniOt 
volume = (length X width 2 )/2 (53). Mice were sacrificed after 3 weeks.flf- 
treatment, and tumors were resected for histological analysis. Tumor volurpj 
was analyzed using Student's t test to compare control and treatment groups 



RESULTS V 

Schwann Cells Secrete Antiangiogenic SPARC. We have prev| 
ously reported antiangiogenic activity in SCM collected from normal 
and NB tumor-derived Schwann cells (29) and demonstrated the 
presence of several angiogenic inhibitors including PEDF and 
TIMP-2 (29, 30). Seeking additional angiogenesis inhibitors in SCw 
we subjected it to multiple-step chromatography and tested fracuonl 
for the ability to block bFGF-induced endothelial cell migration 
cause endothelial cell apoptosis. Fractions capable of both activi ^| 
contained a 43-kDa protein (Fig. 1) that was identified as SPAKj| 
using sequence analysis of the tryptic peptide fragments. No contaijf 
inating sequence was detected in the SPARC band. ^ jj 

SPARC Was Expressed by Schwann Cells and Different ^£ 
NB Cells in Vitro and in Vivo. SPARC expression was evaluated V. 
semiquantitative RT-PCR in Schwann cells, a panel of NB cell Une| 
and in phenotypically distinct subclones of NB cell lines [neuroblast*; 
(N-type) and substrate adherent (S-type)] that exhibit different maUgr 
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Endothelial cell migration: 87% 58% 20% 



Fik. 1. SiKer-s.tained gel of SCM fractions collected after heparin -Sepharose chroma- 
tography The 43 -kDa protein detected in I^ne 3 was identified as SPARC Fraction 3 
potently inhibited bFGF- induced endothelial cell migration as indicated at the bottom ot 
the cel. 



nant potentials (Refs. 54 and 55; Fig. 24). Although SPARC mRNA 
was detected in all NB cell lines with the exception of NBL-W-N. 
mRNA levels were significantly higher in the Schwann cells and 
nontumorigenic S-type subclones than in tumorigenic N-type sub- 
clones and NB cell lines. SPARC protein levels in CM collected from 
the cells paralleled the mRNA levels (Fig. IB). NB cells can be 
induced to differentiate in vitro with a number of agents including 
all-rrans-RA or BrdUrd (56-59), and real-time quantitative RT-PCR 
demonstrated up to a 10-fold increase in SPARC mRNA in differen- 
tiated NB cells (Fig. 2Q. 

To investigate whether SPARC was expressed w ithin NB tumors, 
histological sections from NB tumors displaying varying degrees of 
differentiation and abundance of Schwannian stroma and from gan- 
glioneuromas were stained with antibody against human SPARC. 
Schwannian stroma-poor tumors were composed predominantly of 
neuroblasts and showed minimal or no staining for SPARC (Fig. 2D). 
Conversely, in maturing and mature tumors, SPARC could be de- 



tected not only in Schwann cells (Fig. 2E) but also in differentiating 
neuroblasts/ganglion cells (Fig. 2F\. 

SPARC in SCM Inhibited Migration and Induced Apoptosis of 
Endothelial Ceils. The previously reported inhibition of bFGF- 
induced endothelial cell migration by SCM (29) was SPARC depen- 
dent because migration was largely restored in the presence of neu- 
tralizing antibody against SPARC (Fig. 3A>. We also showed that 
SPARC-dependent induction of endothelial cell apoptosis by SCM 
was effectively neutralized by the same antibody < Fig. 3£). Consistent 
with earlier studies <38>, purified SPARC blocked bFGF-induced 
endothelial cell migration in a dose-dependent manner at concentra- 
tions ranging from 0.05 to 5 /ig/ml (Fig. 3C). However, endothelial 
cell migration inhibition w as not observed at higher concentrations of 
SPARC. Biphasic responses have similarly been reported with the 
angiogenesis inhibitor thrombospondin-1 (60, 61). SPARC also trig- 
gered endothelial cell apoptosis, with maximal induction at 20 /ig/ml 
(Fig. 3D). 

SPARC Inhibited Angiogenesis and Impaired Tumor Growth 

in Vivo. Purified SPARC blocked bFGF-induced angiogenesis in vivo 
in the rat corneal neovascularization assay (Fig. 4; Table 1). Further- 
more, the addition of the anti-SPARC antibody fully restored angio- 
genesis by bFGF, indicating that this inhibitory effect was indeed due 
to SPARC. Angiogenesis was not observed when SPARC was tested 
alone (Fig. 4). To our knowledge, the ability of SPARC to inhibit 
angiogenesis has not previously been tested in a rat corneal model. 

The effect of SPARC on NB growth in vivo was tested in a mouse 
xenograft model where SPARC was delivered continuously for 3 
weeks using osmotic pumps. During the first 2 weeks, tumor growth 
was completely arrested in the SPARC-treated group, whereas in the 
control animals earning PBS-charged pumps, the volume of the 
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Fig. 2. SPARC expression in NB and Schwann 
cells. A, SPARC mRNA was measured in NB cell 
lines and Schwann cells by semiquantitative RT- 
PCR. Higher levels of expression were observed in 
nontumorigenic S-type NB subclones and Schwann 
cells than in tumorigenic NB cell lines and N-type 
subclones. B, SPARC protein was measured in 
media conditioned by NB cell lines, normal 
Schwann cells (AO. and tumor-denved Schwann 
[ cells (T) by Western blot analysis. Higher levels of 
i secreted protein were detected in the nontumori- 
i genie S-type subclones and Schwann cells com- 
pared with lumorigenic NB cell lines. C, SPARC 
expression, measured by real-time quantitative RT- 
PCR. was unregulated in SMS-KCNR NB cells 
induced to differentiate with RA or BrdUrd. D, 
SPARC is not detected by irnmunoperoxidase 
staining in an undifferentiated. Schwannian stroma- 
[poor NB (magnification, X400; inset, x600). Im- 
j fminoperoxidase staining of a ganglioneuroma 
'Schwannian stroma-dominant tumor; El and dif- 
ferentiating NB iF) demonstrates SPARC expres- 
sion in Schwann cells {arrows) and differentiating 
[neuroblasts/ganglion cells [arrowheads: (magnifi- 
cation. > 200: insets. > WX))]. 
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Fig. 3. SPARC inhibits angiogcnesis in vt/ro. A, neutralizing anii-SPARC antibody reverses SCM inhibition of bFGF-induced endothelia] cell migration. No effect is seen with 
control antibody. bFGF-induced endothelial cell migration is observed in the Opti-MEM control. B, terminal deoxynucleotidyl transferase -mediated nick end labeling- positive cells (top 
panels) with Hoechst-counterstained nuclei {bottom panels). Protection of endothelial cells from SCM-induced apoptosis was observed in the presence of anti-SPARC neutralizing 
antibody but not control antibody. The percentage of endothelial cell apoptosis for each experiment is shown in the bar graph. C, purified SPARC inhibits bFGF-induced endothelial 
cell migration w ith an ED 5U of -2 n.M. D, purified SPARC triggers endothelial cell apoptosis in a dose-dependent manner with maximal response at 20 /i,g/ml. 
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Fig. 4. SPARC inhibits angiogenesis in vivo. Top panels. SPARC inhibits bFGF- 
induced angiogenesis in the rat corneal assay. Addition of anti-SPARC antibody restored 
angiogenesis by bFGF. Bottom panels, in the absence of bFGF, control media, purified 
SPARC, or purified SPARC plus anti-SPARC neutralizing antibody did not induce 
angiogenesis in rat corneal assays. 



tumors doubled every 5-6 days (Fig. 5. A and B). During the third 
week of treatment, a flight increase in tumor size was observed in the 
treatment group. After 3 weeks of treatment with SPARC, the average 
tumor volume was significantly smaller than that observed in control 



animals (152 ± 44 mm 3 versus 919 ± 317 mm 3 ; P = 0.03). Histo- 
logical comparison revealed decreased vascularity in SPARC-treated 
tumors (MVD = 23/mm 2 ) compared with control tumors 
(MVD = 47/mm 2 ) as assessed by the number of structures th&t 
stained positively with an anti-CD31 antibody (Fig. 5, C and D). ^ 

DISCUSSION ] 

Schwann cells secrete substances that promote NB cell survival and 
differentiation and inhibit angiogenesis (25, 27, 29, 30). It is thought that 
cross-talk between neuroblasts and Schwann cells is responsible for tfifc 
more benign nature of Schwannian stroma-rich/stroma-dorninant NB 
tumors (25, 29). Seeking factors produced by Schwann cells that couM 
contribute to this clinically less aggressive tumor phenotype, we identi- 
fied a factor present in SCM that was capable of inhibiting angiogenesis. 



Table 1 In vivo antiangiogenic activity of SPARC 



Sample 



bFGF 



Positive corneas/ 
total implanted 



PBS 
PBS 
SPARC 
SPARC 

SPARC antibody 
SPARC antibody 



No 
Yes 
No 
Yes 
No 
Yes 



0/6 
9/9 

\n 

0/8 
0/5 
7/7 
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Fig. 5. SPARC inhibits NB tumor growth in 
vivo. A and B. -,hort-term deliver) of SPARC by 
osmotic pumps impairs the rate of NB xenograft 
tumor growth compared with control animals. 
C and D, lmmunohistochemistrv staining of the 
SMS-KCNR NB xenograft tumors with anti-CD31 
antibody demonstrates decreased numbers of blood 
vessels in NB xenografts from the SPARC- treated 
mice compared with control-treated animals (mag- 
nification. X200). 




control SPARC 



SPARC, a known member of the matricellular protein family, appears to 
be a key contributor to the cumulative antiangiogenic activity produced 
by Schwann cells. We confirmed a known ability of SPARC to block 
chemotaxis of endothelial cells induced by angiogenic stimuli (38) and 
report its previously unknown function to induce endothelial cell apo- 
ptosis. 

Previous studies have indicated that SPARC contributes to the regu- 
lation of tumor formation, although its role appears to be cell type 
specific. SPARC expression is down-regulated in rat and chick embryo 
fibroblasts transformed with c-Jun and v-Src (40, 62), and its reintroduc- 
tion counteracts tumorigenesis by these cells (41). In addition, SPARC 
slows in vitro growth, induces apoptosis, and reduces tumorigenicity of 
ovarian cancer cells (44). In contrast, suppression of SPARC expression 
abrogates the tumorigenicity of melanoma cells (42). 

SPARC is also involved in angiogenesis. SPARC blocks the Gj to 
S transition of endothelial cells manifested by decreased proliferation 
rates (63, 64) and antagonizes the activity of the potent angiogenic 
activators bFGF and VEGF (38, 39). SPARC-null mice display sub- 
stantially higher tumor invasion and angiogenesis compared with their 
wild-type littermates (65), indicating that SPARC may interfere with 
tumor angiogenesis. However, other studies point to proangiogenic 
activity of SPARC (66): it was found at high levels in breast cancer 
and colon cancer (67, 68), in metastatic melanoma (69), and in 
invasive meningiomas (70). Our studies suggest that disparate data 
regarding the role of SPARC in tumor growth and angiogenesis may 
be explained by its biphasic effect on the endothelial cells, where 
higher concentrations appear inactive or even stimulatory. Such 
biphasic effects are not uncommon for antiangiogenic factors and 
are shared by at least two more inhibitors, thrombospondin- 1 (60. 61 ) 
and PEDF. 4 5 
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Our study revealed an inverse correlation between SPARC expres- 
sion levels and the degree of malignant progression in NB tumors. 
Whereas tumorigenic cell lines and N-type subclones showed low or 
no detectable levels of SPARC mRNA and secreted protein, non- 
tumorigenic S-type NB subclones and NB cells induced to differen- 
tiate in vitro expressed SPARC at high levels. In maturing and mature 
NB tumors rich in Schwannian stroma, Schwann cells and differen- 
tiated neuroblasts/ganglion cells showed strong positive staining for 
SPARC, whereas little to no staining was detected in undifferentiated, 
Schwannian stroma-poor tumors. Furthermore, we demonstrated an- 
tiangiogenic activity of SPARC in a mouse NB xenograft model. 

The mechanisms underlying these highly variable cell type-specific 
activities of SPARC remain unknown. However, similar to throm- 
bospondin- 1 (60, 61), concentration-dependent activity of SPARC 
may be explained if two distinct receptors are present on vascular 
endothelium, where a low-affinity receptor activated by higher ligand 
concentrations conveys a proangiogenic function of SPARC, and a 
high-affinity receptor is antiangiogenic. SPARC function may also be 
altered via posttranslational modifications. SPARC subspecies se- 
creted by normal fibroblasts and by melanoma tumors differ in size 
and glycosylation pattern (69). It is tempting to speculate that turnover 
rates and receptor affinity of SPARC produced by malignant mela- 
noma cells may be disparate from those of SPARC from normal 
stroma. Specific cleavage of SPARC by tumor cells may be glycosy- 
lation dependent and lead to an altered function. This hypothesis 
appears more feasible because the peptides from distinct structural 
domains of SPARC affect diverse cell phenotypes including growth 
rate, cell shape, matrix attachment, and angiogenic potential (66, 69, 
71 ). Changes in any of these functions alone may lead to decreased 
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angiogenesis and slow down tumor progression. However, it is likelv 
that it is the ability of SPARC, shared with the majority of the 
angiogenesis inhibitors (reviewed in Refs. 72 and 73), to induce 
apoptosis in the endothelial cells of remodeling vasculature that 
allows it to interrupt angiogenesis and to delay tumor progression. 

Our data point to SPARC as a key contributor to the antiangiogenie 
activity of factors secreted by the Schwann cells. However, other 
inhibitors of angiogenesis including PEDF and TIMP-2 also appear to 
be involved in the cross-talk between Schwann cells and the neuronal 
component of NB tumors (29, 30, 74). Our data clearly demonstrate 
that the angiogenic balance is complex: it is not a result of a single 
inducer-inhibitor combination but a composite value determined by 
all of the inducers and inhibitors present (reviewed in Ref. 75). 
Changes in angiogenic phenotype may occur gradually (76) or in a 
single step (77, 78). In Schwannian stroma-rich/stroma-dominant NB 
tumors, a spectrum of angiogenic inhibitors appears to be important 
for maintaining the net inhibitory phenotype, possibly because the 
nature of the angiogenic balance in NB tumors is quite complex. In 
addition to its effect on angiogenesis, PEDF also promotes survival 
and differentiation of the neuronal component of the tumors and thus 
creates a positive feedback loop (30), whereas TIMP-2 suppresses 
tumor cell invasion (79). A better understanding of the complex 
regulation of NB angiogenesis w ill hopefully lead to the development 
of new therapies in w hich inhibitors of angiogenesis may be used in 
concert to improve the outcome of children w ith clinically aggressive, 
Schwannian stroma-poor NB. 
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The solid growth of high-grade glioma appears to be cri- 
tically dependent on tumor angiogenesis. It remains un- 
known, however, whether the diffuse infiltration of glioma 
cells into healthy adjacent tissue is also dependent on the 
formation of new tumor vessels. Here, we analyze the rela- 
tionship between tumor angiogenesis and tumor cell infiltra- 
tion in an experimental glioma model. C6 cells were im- 
planted into the dorsal skinfold chamber of nude mice, and 
tumor angiogenesis was monitored by intravital fluorescence 
videomicroscopy. Glioma infiltration was assessed by the 
extent of tumor cell invasion into the adjacent chamber 
tissue and by expression of SPARC, a cellular marker of 
glioma invasiveness. To test the hypothesis that glioma an- 
giogenesis and glioma infiltration are codependent, we as- 
sessed tumor infiltration in both the presence and the ab- 
sence of the angiogenesis inhibitor SU54I6. SU54I6 is a 
selective inhibitor of the VEGF/Flk-I signal-transduction 
pathway, a critical pathway implicated in angiogenesis. Con- 
trol tumors demonstrated both high angiogenic activity and 
tumor cell invasion accompanied by strong expression of 
SPARC in invading tumor cells at the tumor-host tissue 
border. SU54 1 6-treated tumors demonstrated reduced vas- 
cular density and vascular surface in the tumor periphery 
accompanied by marked inhibition of glioma invasion and 
decreased SPARC expression. A direct effect of SU54I6 on 
glioma cell motility and invasiveness was excluded by in vitro 
migration and invasion assays. These results suggest a crucial 
role for glioma-induced angiogenesis as a prerequisite for 
diffuse tumor invasion and a possible therapeutic role for 
anti-angiogenic compounds as inhibitors of both solid and 
diffuse infiltrative tumor growth. Int. }. Cancer 87:261-268, 

2000. 

© 2000 Wiley-Liss, Inc. 



High-grade gliomas represent the most frequent and malignant 
astroglial tumors. Due to their resistance to conventional oncolo- 
gical therapy, the mean survival time for patients with high-grade 
gliomas is approximately 9 to 12 months. Glioma pathology is 
characterized by both solid and diffuse infiltrative growth patterns. 
A strong line of experimental evidence supports the concept that 
solid glioma growth is critically dependent on angiogenesis, i.e., 
toe formation of new blood vessels that guarantee sufficient tissue 
oxygenation and nutritional supply (Millauer et al, 1994). In 
addition, tumor vessel density has become an independent prog- 
nostic marker in human astroglial tumors (Leon et ai. 1996). In 
contrast, the diffuse, infiltrative tumor component is characterized 
b y aggressive invasion of single tumor cells into the surrounding 
m orphologically and functionally intact brain tissue. It is this 
diffuse cell invasion that finally determines the malignancy of 
high-grade glioma and is responsible for the inevitable tumor 
re currence following radical surgical resection. It remains un- 
tooun whether this diffuse, infiltrative growth of gliomas is sim- 
'krly angiogenesis-dependent. 

v ^cular endothelial growth factor lYEGF) is the principal 
^gio^nic growth factor in experimental and human astroglial 
tomors (Plate e t ai. 1993). VEGF exerts its biological effects by 2 



hish-afrinity receptors, the class III protein tyrosine kinases 
vIgFR-1 I'fms-like tyrosine kinase-1 ( Fit- 1 )] and VEGFR-2 [fetal 
liver kinase-1 (Flk-li/kinase insert domain- containing receptor], 
which are almost exclusively expressed on microvascular endo- 
thelial cells. Based on extensive work with experimental gliomas 
such as intracerebral and s.c. C6 glioma xenografts. VEGF/Flk-1 
has been implicated as the dominant signal-transduction pathway 
mediating glioma angiogenesis in vivo (Plate et al, 1993; Millauer 
et al, 1994). As a consequence, targeting Flk-1 has become of 
considerable interest as an alternative anti-tumor therapy, and a 
novel selective inhibitor of the catalytic tyrosine kinase activity of 
Flk-1. SU5416. has been identified (Fong et al. 1999). In vitro 
studies revealed a potent antiproliferative effect of SU5416 on 
endothelial cells without directly affecting tumor cell proliferation 
(Fong etal, 1999). Our intravital microscopic studies using the C6 
glioma cell line and the dorsal skinfold chamber preparation in 
nude mice have shown that solid tumor growth suppression by 
SU5416 is the result of its direct inhibitory effect on tumor- 
induced angiogenesis and microvascular proliferation ( Vajkoczy et 
al, 1999). 

SPARC (secreted protein acidic and rich in cysteine) is a de- 
velopmentallv regulated, glycosylated, anti-adhesive protein that is 
secreted into" the extracellular matrix (ECM) (Lane and Sage, 
1994). It is proposed to modulate cell migration and vascular 
morphogenesis either by directly interacting with ECM proteins or 
by initiating a receptor-mediated signaling event (Murphy-Ullrich 
et al, 1995). SPARC interacts with several brain ECM collagens 
(Sage. 1997) and binds directly to vitronectin (Rosenblatt et ai, 
1997), a multifunctional adhesive protein that is a component of 
brain vascular basement membranes. SPARC induces intracellular 
changes of cytoplasmic components associated with focal adhe- 
sions (Murphy-Ullrich et al, 1995), including the phosphorylation 
of p-catenin and paxillin (Young et al, 1998), the redistribution of 
vinculin from a punctate to a diffuse localization (Sage, 1997) and 
the redistribution of F-actin to the cell periphery (Sage, 1997). 
Thus, SPARC may directly affect cell motility. SPARC may also 
indirectly promote cell migration by modulating the expression of 
proteolytic enzvmes that degrade the ECM, such as collagenase, 
stromelysin and MMP-9 (Tremble et al, 1993). Our studies have 
demonstrated increased SPARC expression in infiltrating tumor 
cells at the brain-tumor interface in gliomas, indicating that 



Grant sponsor: German Research Foundation; Grant numbers: VA 151/ 
4-1; I E 60/4-1. 



♦Correspondence to: Department of Neurosurgery. Klinikum Mannheim, 

University of Heidelberc, Theodor-Kut/CT-Ufer 1-3. D-68167 Mannheim. 
Germans Fax: - 49-62 1 -383-2004. 
F-niail peter \ajkoc/> ^ nch.ma.uni-heidclberg.de 



Recened 20 October Revised 1 January 2tHN); Accepted 4 January 

20O0 



262 



\ ,\JK<KYY t I \l 



SPARC ma\ promote diffuse tumor cell infiltration into adjacent 
brain by affecting both tumor- and endothelial cell-HCM interac- 
tions and may therefore sen e as a cellular marker of the invaM\e 
glioma phenol) pe (Rempel et ai. 199JS) 

Our objective wa> to test the hypothesis that diffuse, infiltrative 
glioma growth is dependent on glioma-induced angiogenesis. It 
these biological processes were codependent. specific inhibition of 
tumor angiogenesis should impact both tumor invasion and ex- 
pression of SPARC by tumor cells. Therefore, we examined tumor 
angiogenesis, tumor cell infiltration and SPARC expression in the 
absence and presence of SC5416 in a C6 glioma xenograft. This 
tumor model was chosen because the tumor behavior closely 
approximates that of intracerebral human high-grade gliomas such 
as glioblastoma multiforme. Furthermore, it has been extensively 
characterized with respect to the functional expression of VEGF 
and Flk-l in vivo (Plate et ai. 1993), tumor-induced angiogenic 
activity (Yajkoczy et ai, 1999) and diffuse, infiltrative growth 
behavior (Bernstein and Woodward. 1995). Our results indicate 
that angiogenesis not only plays a critical role in solid glioma 
growth but also is critically invoked in diffuse, infiltrative glioma 
iirowth. 



Cells and > 



MATERIAL 
ell culture 



\NI) METHODS 



C6 rat glioma cells were fro/en in Ham's F-10 culture medium 
w ith 10 r r DMSO. Thaw ed cells w ere grow n in Ham's F-10 culture 
medium and plated in 12-well dishes for incubation in a 5T C0 2 
humidified atmosphere at 37 C. Prior to tumor inoculation, C6 
glioma cells were fluorescent!) labeled with the neuronal tracer 
Fast Blue (Sigma, St. Louis, MO), as previously described (Yaj- 
koczy et ai, 1999). 

Animals and dorsal skinfold chamber model 

Athymic nude mice (n — 12. na/nu, male, 30 to 35 g) were bred 
and maintained within a specific pathogen germ-free environment. 
As implantation site for the C(> glioma cells, we used the dorsal 
skinfold chamber preparation that contains 1 layer of striated 
muscle, s.c. tissue and epidermis (Yajkoczy et ai, 1999). This 
model is characterized by both solid and diffuse infiltrative glioma 
grow th patterns and represents a versatile technique for the non- 
invasive analysis of glioma microcirculation and hemodynamics 
(Yajkoczy et'ai, 1999). 

Experimental protocol 

The study was approved by the animal care and use committee 
of the local government authorities. Starting on the day of glioma 
cell implantation, 4 animals received a daily i.p. bolus of SU5416 
[25 mg/kg body weight dissolved in 50 jjlI DMSO]. As controls. 4 
animals received either DMSO (50 pd i.p.) or PBS (50 p_l, i.p.) 
daily and were analyzed. The dose of SU5416 was selected by 
toxicity studies (Fong et ai, 1999) that identified 25 mg/kg daily 
as the maximal tolerated dose that does not exhibit significant 
toxicity in the mouse. Tumor-induced angiogenesis was assessed 
by intravital fluorescence videomicroscopy on days 6, 10, 14, 18 
and 22 after cell implantation (see below). At the end of the 
observation period (day 22). animals were killed and tumors fur- 
ther processed for quantitative, histomorphological and immuno- 
histochemical analyses (see below ). To evaluate the effect of 
tumor size and, thus, total tumor cell number on the extent of 
glioma cell invasion, 4 additional control glioma tumors with a 
volume comparable to day 22 Sl'5416-treated tumors were as- 
sessed histologically on day 10 after cell implantation. 

Intravital fluorescence \ ideomicroscopx 

The glioma mass and its new microvasculature were analyzed 
by intravital fluorescence videomicroscopy (epi-illumination ) us- 
ing a modified Axiotech Vario microscope. Zeiss. Oberkochen. 
Germany w ith FY (340 to 3<X0 nmi and blue (450 to 490 nmi niter 
blocks (Yajkoczy (7 ai, 1999). Individual microvessels and the 



glioma microvasculature were wsualized b\ contrast enhancement 
w ith FITC-conjugated dextran (Yajkoczy et ai, 1999). All micro- 
circulatory measurements were made using a computer-assisted 
image analysis system (CAPIMAGH; Zeintl Software Hngineer- 
mg. Heidelberg. Germany i. Tumor \olume (mm*) was calculated 
using the equation Y - 2/3 x A a h. where A is the area covered 
by the fluorescently labeled glioma mass within the chamber 
imnr i and h is the thickness of the glioma bulging out at the 
chamber backside (innil. For microcirculatory analysis, the newly 
formed microvasculature of the glioma mass was divided into 3 
radial zones (peri-tumoral, marginal and central). Each zone was 
assessed separately (2 to 3 observation fields/zone), resulting in a 
total of 6 to 9 measurements per animal. Quantitative analysis 
included vascular density (cm 1 ). which was defined as the length 
of all newly formed microvessels per area of interest and obser- 
vation time point, and the vascular surface, which w as analyzed in 
relation to the total area of interest ( f >). 

Histology and immum>- histochemistry 

For histomorphological analysis, tumor-containing dorsal skin- 
fold chamber preparations were excised, fixed over 48 hr using 4% 
paraformaldehyde and embedded in paraffin. The technical setup 
for histomorphological analyses included an Olympus (Tokyo, 
Japan) microscope with X 10, x20 and X40 objectives; a low-light 
level, charge -coupled tie vice video camera (Cohu FK 6990; 
Pieper, Schwerte. Germany); and an S-YHS video system (Pana- 
sonic, Munich, Germany ). Images were analyzed off-line using the 
computer-assisted image analysis system described previously. For 
conventional histology 5 u.m serial sections were stained with 
hematoxylin- eosin SPARC immuno-histochemical analysis was 
performed as previously reported (Rempel et ai, 1998) w ith minor 
changes. Briefly, formalin-fixed, paraffin-embedded 5 u.m tissue 
sections were subjected to routine deparaffinization and rehydra- 
tion. Subsequent steps were performed at room temperature unless 
otherwise specified. Sections were incubated for 10 min in 3 £ £ 
hvdrogen peroxide, rinsed in PBS solution and incubated w ith 1 0 C7 r 
horse serum in PBS containing 0,3 f f Triton X-100 (TPBS) for 60 
min. Sections were incubated overnight at 4~C with a 1:900 
dilution (5.7 jig/ml) of primary anti-SPARC antibody (Hemato- 
logic Technologies. Essex Junction, VT) in TPBS. After 3 washes 
in TPBS buffer, sections were incubated for 30 min with biotin- 
ylated secondary antibody (1 400 dilution in TPBS), washed and 
incubated for 45 min w ith avidin-biotin complex according to the 
manufacturer's instructions (Yectastain ABC kit; Yector, Burlin- 
game, CA). Finally, sections were washed, reacted with diamino- 
benzidine (DAB)" in 0.1 M Tris buffer (pH 7.6) with 0.03% 
hydrogen peroxide, rinsed in tap water, counterstained and 
mounted. Controls were performed by omitting the primary anti- 
SPARC antibody or by substituting the primary antibody with 
mouse IgG isotype Staining was noted as either positive or neg- 
ative. Tumor cells were identified by histomorphology (i- e < 
rounded cells with large and hvperchromatic irregular nuclei) ana 
detection of the glial marker' S- 100 protein. For S-100 protein 
staining, 5 u.m tissue sections were subjected to citric acid antigen 
retrieval as previously described for SPARC immuno-histochem- 
istrv (Rempel et «/./l998). S-100 protein was detected using a 
1 :300 dilution of rabbit anti-cow S- UK) (Z031 1 ; Dako. Carpi ntena, 
CA) that cross-reacts strongly with human S-100A and -B and is 
useful in distinguishing brain glial cell tumors. 
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Tumor cell invasion 

Invasion of glioma cells ii.e.. S-100 protein- expressing 
into the adjacent chamber tissue was assessed by semi -quantitative 
and linear means. Thus, the density of infiltrating tumor ce | ls + ^ 
rated as none (->. minimal ( - ), moderate - > or high ( . 
For linear analysis i x 10 objective ). the length of the infiltrate d an^ 
destroyed (i.e.. complete infiltration of tissue and loss of ch 



teristic histomorphology) muscle and s.c. tissue unm) 
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sured Results were expressed as percentage of the total ^ross 
sectional lentith of the ulioma mass. 
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In wiro tumor all migration and invasiveness 

To assess the direct, angiogenesis-independent effects of 
SL 5416 on glioma cell migration and invasion, the in vitro spher- 
oid migration and spheroid confrontation assays were employed. 
p e tal rat brain spheroids and glioma spheroids represent standard- 
!/ed. primary, avascular brain and tumor masses that resemble 
brain and glioma tissues in situ, thus providing a suitable model to 
investigate glioma cell migration and vascular cell-independent 
invasion in vitro (Tonn et al. 1995). C6 spheroids were produced 
bv seeding 5 X 10 h cells into a 75 cm 2 flask previously coated with 
l'lFc Noble agar (Difco. Detroit. MI) covered by a liquid medium 
overlay. Spheroids were screened for any sign of necrosis by 
inverted light microscopy. Necrotic cores were observed in sphe- 
roids with diameters >400 ^im. Accordingly, after 7 to 10 days, 
300 p.m spheroids were chosen for migration and invasion studies. 
Brain cell aggregates w ere generated according to a standardized 
procedure described previously (Tonn et al, 1995). C6 spheroids 
were placed in the middle of poly-D-lysine- coated 24- well plates. 
Spheroid growth was assessed in medium that contained PBS, 
O.Ff DMSO, or SU5416 at 0.1 u_M and 1 ^M. For the migration 
assay, the medium contained SL'5416 dissolved in 0.1 ^ DMSO at 
the following concentrations: 0.1, 1, 10 and 100 u.M. Medium 
containing PBS or 0.1 < 7 r DMSO alone served as control. The area 
covered by cells spreading out from the spheroid was measured 
using an image analysis system (Intas, Gottingen, Germany) after 
24 and 48 hr. For the confrontation assay, single mature brain 
aggregates (diameter 250 to 350 p.m) were placed into agar-coated 
well plates. Single gliomas of similar size were also transferred 
into the wells and brought in contact with the brain aggregates. 
SU5416-containing medium was added at the same concentrations 
used for the migration assays, and medium containing PBS or 
0.1 DMSO alone served as control. Over a 48 hr period of 
confrontation, microphotographs were taken every 24 hr and eval- 
uated semi-quantitatively using the Intas image analysis system. 
Glioma cell invasion was assessed for the amount of rat brain 
spheroid remaining intact. All proliferation, migration and con- 
frontation assays were performed in quadruplicate. 

Statistical analysis 

Quantitative data are given as mean ± SEM. Mean values of 
microcirculatory and histomorphological data were calculated 
from the average values in each animal. For analysis of differences 
between groups, 1-way ANOVA followed by unpaired Student's 
r-test was performed. Results with p < 0.05 were considered 
significant. Since no significant difference was measured in any of 
the evaluated parameters between control animals receiving 
DMSO or PBS, these were grouped together for graphic represen- 
tation and statistical evaluation. 



RESULTS 
I Tumor angiogenesis 

Implantation of C6 glioma cells into the dorsal skinfold chamber 
induced a strong angiogenic response. The tumor microvascula- 
ture demonstrated chaotic micro-angioarchitecture, heterogeneous 
blood perfusion and high microvascular permeability for the fluo- 
rescent marker FITC-dextran (Fig. \a). Quantitative analysis of the 
^crocirculatory parameters revealed high vascular density and 
vascular surface in the tumor periphery with a progressive reduc- 
tion toward the tumor center (Fig. \b,c). Treatment with SU5416 
re sulted in marked suppression of ghoma-induced angiogenesis 
w ith significant reduction of vascular density when compared to 
Controls (Fig \b). Zonal microvascular analysis revealed that this 
^i-angiogenic effect was most pronounced in peri-tumoral areas 
the more angiogenic and better vascularized peripheral areas). 
Since blocking angiogenesis was not accompanied by significant 
changes of the microvascular diameters, a similar pattern was 
observed with respect to the vascular surface (Fig. let. 
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Fig i re 1 - Microvasculature of control and SU5416-treated C6 
gliomas, {a) Microvasculature of control tumor (50 jjlI DMSO/day i.p.) 
on day 10 after cell implantation, assessed by intravital fluorescence 
videomicroscopy and contrast enhancement with 2% FITC-dextran 150 
i.v. Scale bar = 50 |xm. (b.c) Influence of Flk-1 tyrosine kinase 
inhibition on C6 glioma-induced angiogenesis after cell implantation 
into the dorsal skinfold chamber of nude mice (day 18). Vascular 
density (b) and vascular surface (c) were quantitatively assessed within 
peri-tumoral (p), marginal (m) and central (c) areas of the tumor. 
Animals were treated with PBS/DMSO (50 |xl/day i.p., n = 4, open 
symbols) or SU54I6 (25 mg/kg body weight/day i.p.. n - 4, closed 
symbols). Vascular density and vascular surface were analyzed off- 
line using a computer- assisted image analysis system. Mean ± SEM 
values are represented. Statistical analysis was performed using 
ANOVA followed by unpaired Student's /-test. *p < 0.05. **p < 0.01 
vs. PBS/DMSO. 



Solid tumor growth 

Suppression of glioma-induced angiogenesis w as accompanied 
by a reduction of solid glioma growth. On days 10 and 22 after 
glioma cell implantation, the volume of control tumors measured 
36.2 ± 2.9 mm 3 and 433.3 ± 5.5 mm\ respectively. In contrast, 
the volume of SU5416-treated tumors measured 1.2 ± 0.7 mm 3 
and 36.1 ± 8.1 mm* on days 10 and 22 after glioma cell implan- 
tation (p < 0.01). respectively. 

Diffuse infiltrative tumor grow th 

Apart from its inhibitory effect on ^ohd glioma growth, sup- 
pression of tumor angiogenesis resulted in marked reduction of 
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Figure 2 - Histological examination of C6 gliomas on day 22 after glioma cell implantation into dorsal skinfold chamber of nude mice treated 
with either (a) DMSO (50 (jlI daily i.p.) or (b) SU5416 (25 mg/kgbody weight daily i.p.). (a) Glioma cell invasion into underlying striated muscle 
and s.c. tissue with subsequent formation of large tumor masses. Note loss of histomorphological integrity due to tissue destruction, (b) 
Near-complete suppression of glioma cell invasion. Tumor mass is well delineated from muscle and s.c. tissue by intact basement membrane, 
t, tumor mass; m, striated muscle; s. s.c. tissue. Hematoxylin and eosin staining of 5 |j.m sections. Scale bar = 500 u.m. 



diffuse glioma cell invasion into the adjacent tissue. To evaluate 
the effect of SU5416 on diffuse, infiltrative glioma growth, control 
and treated tumors were analyzed for tumor cell invasion into the 
underlying muscle and s.c. tissue. Histomorphological analysis of 
control specimens demonstrated strong ( + + + ) tumor cell infil- 
tration on day 22 (Fig. 2a). In contrast, specimens of SU5416- 
treated animals showed a near-complete reduction of glioma cell 
invasion into the adjacent host tissue. By day 22, only individual 
tumor cells could be identified within the intact muscle and s.c. 
tissue ( + ) (Fig. 2b). Quantitative analysis of control specimens 
revealed that by day 22 tumor cells had invaded most of the 
adjacent muscle and s.c. tissue {Fig. 3a). More than 60% of the 
length of muscle and s c. tissue revealed maximum single glioma 
cell invasion resulting in tissue destruction w ith loss of histological 
integrity. Treatment with SU5416 reduced the length of muscle 
and s.c. tissue infiltration by 33% and 50%, respectively (Fig. 3b). 
In these specimens, formation of infiltrating tumor masses with 
destruction of the adjacent tissue was not observed. 

To rule out that this suppression of infiltrative tumor growth was 
simply due to a reduction in tumor volume and, thus, tumor cell 
burden, we additionally analyzed similarly sized control day 10 
tumors (volume 36.2 ± 2.9 mm 3 ) and SU54I6-treated day 22 
tumors (volume 36.1 ± 8.1 mm 3 ). Even in these small tumors, 
glioma cell infiltration into the adjacent host tissue was more 
advanced than in SU5416-treated tumors (+ + } (Fig. 3c). 

Relationship between tumor angiogenesis and tumor infiltration 

The relationship between tumor angiogenesis and tumor cell 
invasion into the adjacent tissue was further analyzed. The mean 
vascular density within the peri-tumoral area was compared to the 
density of tumor cells within the adjacent chamber tissue. As 
illustrated in Figure 4, glioma cell invasion was strongly related to 
glioma-induied pcri-tumoral angiogenic activity This relationship 
was independent of tumor size and time of analysis after cell 
implantation. 
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Figure 3 -Influence of Flk-1 tyrosine kinase inhibition on the 
extent of glioma cell invasion into adjacent tissue on day 22 after cen 
implantation. Linear analysis of length of infiltrated jnd destroyed 
muscle and s.c. tissue as percentage of total cross-sectional length or 
tumor mass. Animals were treated with (a) PBS/DMSO (50 M-l daily 
i.p., n = 4) or ib) SU5416 (25 mg/kg body weight daily i.p.. " J., J 
for 22 days, (c) Additional PBS/DMSO-treated animals (50 M- 1 dal ^ 
i.p., n = 4; right bars) were assessed after 10 days, to analyze trrc 
impact of tumor volume/tumor cell number on glioma cell invasion. 
Mean ± SEM values are represented. Statistical analysis ^'^^ 
formed using ANOVA followed bv unpaired Student's /-test. P 
0.01 vs. PBS/DMSO. dav 22; *p < 0.05. # > < 0.01 vs. PBS/DM^, 
dav 10. 



Effect of SU54I6 on tumor cell migration and invasion in utr ° ^ 
To determine whether the in vivo suppression ot glioma^^ 
infiltration into the adjacent host tissue was due to a direct i 
itory effect of SL'5416 on glioma cell motility and invasiveness ^ 
to the anti-angiogenic activity of the compound, we perform 
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Figi re 4 - Relationship between peri-tumoral vascular density and 
density of glioma cells in adjacent chamber tissue. Peri-tumoral vas- 
cular density is given as mean of values obtained prior to analysis of 
tamor infiltration Density of S-100 protein- expressing cells in adja- 
cent muscle tissue was assessed in controls on day 10 (triangles) as 
well as in controls (squares) and treated animals (circles) on day 22 
after cell implantation. Animals were treated with PBS/DMSO (50 ud 
daily i.p., n = 4 each, triangles and squares) or SU5416 (25 mg/kg 
body weight daily i.p., n = 4. circles), Vascular density was analyzed 
off-line using a computer-assisted image analysis system Tumor cell 
density was assessed semi-quantitatively: -, no infiltration; + , mini- 
mal infiltration; moderate infiltration; + + + , strong infiltration. 
Regression analysis with 95 ir; c confidence interval (dotted line). 



vitro proliferation, migration and confrontation assays with C6 
glioma spheroids exposed to various concentrations of SU5416. 
SU5416 did not affect the viability or growth of C6 glioma 
spheroids (Fig. 5a). A dose-response curve could be generated for 
the effect of SU5416 on the directional migration of C6 glioma 
cells. No measurable effect was observed at concentrations below 
10 |jlM (Fig. 5b). At 10 and 100 jxM. the area of cell migration was 
reduced by 12% and 61%, respectively, when compared with 
controls (Fig. 5b). In parallel, 48 hr treatment with SU5416 dem- 
onstrated no effect on invasion of C6 glioma spheroids into avas- 
cular brain tissue aggregates at concentrations of 0.1, 1 and 10 u.M 
(Fig. 5c-/). Only a concentration of 100 llM resulted in a mini- 
mally reduced invasion zone (data not shown). 

Based on these in vivo and in vitro studies, tumor angiogenesis 
and tumor infiltration were considered to be codependent in this 
experimental glioma model. These findings prompted us to further 
investigate whether tumor vascularization impacted not only the 
invasive behavior of individual tumor cells but also their expres- 
s ion of SPARC, a unique cellular marker for the invasive glioma 
phenotype. 

SPARC expression during diffuse tumor infiltration 

To first determine the expression pattern of SPARC relative to 
central, marginal and peri-tumoral tumor areas during diffuse 
mfiltration. we performed immuno-histochemical analyses on con- 
trol specimens by day 22 after implantation (Fig. 6). Within the 
Antral tumor area. SPARC expression was limited to scattered 
elands of cells (Fig. 6a. b. arrowhead in a). In contrast. SPARC 
strongly expressed in tumor cells immediately adjacent to the 
muscle layer (Fig. 6a. c, large arrowhead in a), in tumor cells 
^filtrating through the muscle layer (Fig. 6c) and in nests of cells 
ln at had invaded into the s c. region (Fig. 6c. d i. Within the s.c. 



region. SPARC immuno-histochemical analysis revealed 2 popu- 
lations of cells. One population included less cellularly dense nests 
of SPARC-expressing cells (Fig. 6d,e) immediately adjacent to 
populations of cellularly dense tumor cells that did not express 
SPARC (Fig. 6d.e). These SPARC cells were tumor cells, as 
demonstrated by colocalization of S-100 to the same region on an 
adjacent section (Fig. 6/). (SPARC- and S-100 protein-non-ex- 
pressing cells were classified as fibroblasts due to their spindle- 
shaped, hyperchromatic nuclei, having only small amounts of 
cytoplasm. ) 

SPARC expression following blockade of tumor angiogenesis 

To determine the effect of blocking tumor angiogenesis on 
SPARC expression, we performed further immuno-histochemical 
analyses on SU5416-treated specimens by day 22 after implanta- 
tion (Fig. 7). Within the reduced central tumor area (compare Figs. 
la and 6a), SPARC expression was limited to scattered individual 
cells post-SU5416 treatment (Fig. la,b, arrow ). This was in con- 
trast to the intra-tumoral nests of cells observed in the absence of 
the anti-angiogenic compound (compare Figs. 6b and lb). In 
addition to these central tumor areas, marked differences in 
SPARC expression between treated and control animals were 
observed. At the glioma-adjacent tissue border, in regions where 
SU5416 treatment resulted in a complete blockade of tumor cell 
infiltration into the underlying muscle tissue, SPARC expression in 
tumor cells was negative (Fig. lc,d ). However, in the few regions 
where SU5416 failed to block tumor cell infiltration completely, 
focal SPARC expression could still be observed (Fig. lej). 

DISCUSSION 

In accordance with our previous results, we have demonstrated 
that targeting of the VEGPVFlk-l signal-transduction pathway, 
using the small-molecule Flk-1 tyrosine kinase inhibitor SU5416, 
suppresses glioma-induced angiogenesis and, consequently, solid 
glioma growth in vivo, The principal novel finding of our study is 
that this anti-angiogenic strategy additionally results in marked 
suppression of glioma cell invasion into adjacent tissue with 
concomitant decreased expression of the pro-invasive molecule 
SPARC Thus, the suppression of angiogenesis might represent an 
effective means to control diffuse, infiltrative glioma growth and 
local tumor expansion. 

The dorsal skinfold chamber used on an immunodeficient mouse 
strain is a well-established model to study implanted gliomas. This 
model permits non-invasive, repetitive and quantitative evaluation 
of tumor growth, tumor-induced angiogenesis and tumor micro- 
circulation by intravital fluorescence videomicroscopy (Vajkoczy 
ct ai, 1999). A further strength of this model is its high spatial 
resolution in the range of <1 u.m, allowing for precise zonal 
analysis of the newly formed glioma microvasculature (Vajkoczy 
et aL 1999). 

Diffuse invasion of tumor cells into the adjacent brain tissue and 
subsequent tissue destruction is a hallmark of high-grade glioma 
biology and represents the major obstacle to successful surgical ther- 
apy. Accordingly, using an in vivo implantation model in the rat 
cerebral cortex, Chicoine and Silbergeld (1995) identified fluores- 
cently labeled C6 cells in morphologically intact brain tissue > 16 mm 
from the implantation site within 2 weeks after stereotactic cell 
implantation. This process of local invasion is defined as the active 
translocation of tumor cells across tissue boundaries and through host 
cellular and ECM barriers. In general, glioma cell invasion represents 
an active, multistep process involving proteolytic degradation of the 
ECM, receptor- mediated adhesion of tumor cells to matrix proteins 
and migration of single cells with the re-arrangement of membrane 
and cytoskeletal elements. However, despite a considerable experi- 
mental effort, the exact biomolecular mechanisms that trigger or 
facilitate glioma cell evasion from the tumor mass and subsequent 
invasion into the adjacent tissue remain elusive. 

Previouslv. it was suggested that tumor cell invasion and angio- 
genesis might share common pathways requiring similar compo- 
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Figure 5 - Effect of SU5416 on in vitro C6 glioma spheroid proliferation, migration and invasion assays, (a) Proliferation of C6 glioma 
spheroids within 240 hr. Medium contained either PBS (control), 0.1% DMSO (DMSO) or SU5416 at 0.1 or 1 p,M Spheroid size was analyzed 
morphometrically by means of an image analysis system. Mean values are represented, (b) Migration of C6 glioma cells in vitro within 48 hr. 
Medium containing either PBS (control), 0.1% DMSO (DMSO) or SU5416 at various concentrations (0.1-100 |ulM). Area of migration was 
analyzed morphometrically by means of an image analysis system. Mean ± SD values are represented. Statistical analvsis was performed using 
ANOVA followed by unpaired Student's /-test. *p < 0.05 vs. control, (c-f) Photomicrographs of C6 glioma spheroid (left) and fetal brain 
aggregate (right) in medium containing 0.1% DMSO (left column) and 10 u-M SU5416 (in 0.1% DMSO) (right column), revealing unaffected 
glioma cell invasion after 24 and 48 hr of co-culture in the presence of SU5416. Toluidine blue staining. 



nents of adhesion, proteolysis and cellular migration (Brooks et al, 
1994). Increased SPARC expression has been associated with both 
of these biological processes (Sage, 1997). Our results causally 
link glioma cell invasion and increased SPARC expression to 
glioma-induced angiogenesis. We have demonstrated that func- 
tional inactivation of Flk-1 by a selective small-molecule inhibitor 
of receptor tyrosine kinase activity suppresses not only glioma- 
induced angiogenesis but also glioma cell invasion into the adja- 
cent tissue and SPARC expression. In addition, we have colocal- 
ized the major area of glioma-induced angiogenic activity, the 
major area of the anti-angiogenic activity of the Flk-1 tyrosine 
kinase inhibitor and the area where detached infiltrating tumor 
cells invade the adjacent host tissue. 

This novel anti-invasive property of Sl'5416 cannot be ex- 
plained by a direct effect of the angiogenesis inhibitor on glioma 
cell motility and invasiveness. Firstly, the expression and biolog- 
ical activity of Flk-1 are limited to endothelial cells (Millauer t7 



al, 1993). Secondly. SU5416 did not exert any direct inhibitory 
effect on glioma cell motility or invasiveness in vitro {i.e., ind e * 
pendent of tumor angiogenesis and vascularization) at concentra- 
tions that selectively suppress endothelial cell proliferation 
(IC S0 = 0.4 p.M ) and that are pharmacologically relevant during 
daily systemic administration at a concentration of 25 mg/kg 
weight. This is supported by HPLC measurements of SU54I 
levels in plasma samples and C6 s.c. tumor extracts following j-P- 
administration of the compound, which revealed peak levels ot 
and 0.6 uAl. respectively, and failed to demonstrate drug accufflU* 

. -. - ■ :-u:u.„^, effect Of 



lation in the plasma or tumor tissue. The inhibitory 
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SL'5416 on glioma cell motility at higher concentrations 
ptM) is most likely attributable to weak cross-reactivity witn 
platelet-derived growth factor receptor (Fong et ai, 1999). 

Based on these results, we propose that inhibition of glioma 
evasion from the tumor mass and/or glioma cell invasion into 
adjacent tissue by Sl'5416 is the consequence of its anti- Kr 
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FictRE 6 - SPARC expression during diffuse tumor infiltration (day 22). Animals were treated with DMSO (50 u,l daily i.p.). la) By day 22, 
SPARC expression is limited to islands of cells within the central part of the tumor (arrow) and expressed in cells in the marginal and 
peri-tumoral regions of the specimen (large arrowhead). Scale bar = 1 mm. (b) Magnification of the island of tumor cells in la, arrow). Scale 
bar = 200 u.m. (c) Magnification of the central (C), marginal (M) and peri-tumoral (P) regions illustrated in fa. large arrowhead) . SPARC 
expression is observed in tumor cells immediately adjacent to the muscle layer, in tumor cells invading through the muscle layer and in cells 
in the peri-tumoral s.c. region. Scale bar = 100 \xm. id) Magnification of the region illustrated in (a, small arrowhead). Scale bar = 200 M.m. 
(ei Magnification of the region illustrated by the red asterisk in id). Two populations of cells are observed in the s.c. tissue, SPARC-expressing 
and SPARC-non-expressing cells. Magnification as in (c). if) Immuno-histochemical localization of S-100 protein. Cells negative for both 
SPARC \e) and S-100 protein if) are identified as fibroblasts' based on their histomorphological appearance. Magnification as in ic). 
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F, ctRt 7 - SPARC expression during SC54 1 6-induced inhibition of angiogenesis (day 22). un By day 22. growth of the tumor has been 
f l h inhibited (compare with Fig. 6a). !~ Scale bar = 1 mm. <h> Magnification of region in (a. red asterisk >. SPARC expression within the central 
0r ttea is limited to individual" cells (arrow >. Scale bar - 100 ^m. ic.dl Magnification of the region in ta. green asterisk}. Scale bar - 200 
; In regions where the inhibitor completely blocked in\asion. SPARC expression was negative. <e.fi Magnification of the region in ta. blue 
' h ^>- In regions where the inhibitor did not complete!) block in\asion. SPARC was obsened in the infiltrating tumor cells 
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genie actiwty. This is in line uilh other reports of suppression of 
malignant keratinoc\te invasion by inactivation of Flk-1 using a 
blocking antibody (Skobe et ai. 1997 >. 

One putative mechanism by which glioma-induced angiogenesis 
may facilitate glioma cell invasion is that new peripheral glioma 
microvessels which originate from the adjacent tissue and grow 
toward the tumor mass ( Vajkoczy et ai, 1999 > provide a trail for 
migrating and infiltrating glioma cells. This is in accordance with 
experimental results demonstrating that glioma cells are charac- 
terized by a high affinity tor the peri-vascular basal membrane and. 
thus, seem to invade the adjacent tissue along peri-tumoral blood 
vessels (Giese and Westphal, 1996). A reduction of the vascular 
surface at the glioma-adjacent tissue border, as demonstrated in the 
present study i.Fig. 2b), would thus result in a decreased space for 
the peri-vascular route of glioma cell infiltration. 

Tumor infiltration is also facilitated by proteinases that are 
secreted by proliferating endothelial cells; e g., plasminogen acti- 
vators (PAs) may facilitate degradation of the ECM and thereby 
allow tumor cells to invade adjacent tissue, This is relevant since 
urokinase-type PA (uPA) and its receptor (uPAR) have been 
identified in high-grade gliomas (Yamada et ai, 1994). Further- 
more, proteinases can be up-regulated by angiogenic growth fac- 
tors \e.g., VEGF) in vitro (Pepper et ai, 1994). Finally, prolifer- 
ating endothelial cells may influence the biological behavior of 
tumor cells through paracrine interactions by the secretion of 
growth and motility factors. 

SPARC may contribute to several of these proposed mecha- 
nisms. Its interaction with the ECM molecule vitronectin (Rosen- 
blatt et ai, 1997), found in high abundance along vessel basement 
membranes, may directly contribute to tumor invasiveness by 
facilitating migration along these structures In addition, SPARC 
binds to the inhibitor of uPA (Rosenblatt et ai, 1997) and. thus, 
could indirectly promote tumor infiltration by permitting uPA 



degradation of the ECM. Furthermore. SPARC indirectly increases 
the expression of several MMPs (Tremble et ai, 1993), and this 
consequently could also facilitate cell migration. These data sug- 
gest that SPARC, either directly or indirectly, functionally con- 
tributes to (.ell migration/invasion and support the interpretation 
that the SPARC signal observed in C6 glioma cells identified 
invasive tumor cells. SPARC is also intimately involved in the 
regulation of angiogenesis through direct binding to VEGF 
(Kupprion et ai, 1998). Since SU5416 administration does not 
directly affect the ability of tumor cells to migrate in vitro, we 
propose that the inhibition of angiogenesis in vivo induces a 
putative anti-infiltration signal that directly or indirectly inhibits 
SPARC expression. Thus, the present data further demonstrate that 
tumor invasion and SPARC expression are closely associated and 
influenced by angiogenesis. 

In conclusion, we propose that, at least in high-grade glioma, 
tumor-induced angiogenesis represents a crucial prerequisite not 
only for solid tumor growth but also for local cell invasion. If 
similar results are obtained for invasive tumors of other tissue 
origin, the diffuse, infiltrative tumor growth should be added to the 
list of angiogenesis-dependent tumor growth patterns that, to date, 
contains only solid tumor growth and metastatic spread of tumor 
cells via the circulatory system. Moreover, our data suggest a 
complex therapeutic role for the small-molecule Flk-1 antagonist 
SU5416 as an inhibitor of angiogenesis and both solid and diffuse 
infiltrative glioma growth patterns. 
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Extracellular matrix components in intestinal development 
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abstract Intestinal morphoeenesis and differentiation are dependent on heterotypic cell interactions between 
n von.c epithelial cell (endoderm) and stroma, cells .mesenchyme,. Extracellular matnx molecules represent 
1 1 cartes for regulators of these interactions. The structural and functional diversity ot the extraocular 
^ as ,ntest,nal development proceeds is demonstrated by 1) spatio-temporal specific expression o the 
ct a. d scribed constituents. 2. the finding of laminin and collagen IV variants. 3. changes ,n the ratio ot 
^ d d al constituent chains, and 4, a stage-specific regulation of basement membrane molecule potior , n 
pabular by glucocorticoids. The onentauon assembly of these extracellular matnx molecules could direct prec.se 
cellular functions through interactions via integrin molecules. u„, r «,vr,ir ^11 

The nvolvement of extracellular matrix, and in particular basement membrane molecules ,n heterotopic cell 
I r t ons lead.ne to epithelial cell differentiation, has been highlighted by the use ot experimental models such 
co res. hvbrid intestines and antisense approaches. These models allowed us to cone u e tha a con^c 
Oration and'assemblv of the basement membrane, following Cose contacts between ep.thel.al and fibroblastic 
cells is necessarv for the expression of differentiation markers such as digestive enzymes. 
Key 'words. Extracellular matrix; intestine: development: differentiation; interactions: mtegnns; hormones. 



Introduction 

Like many vertebrate organs, the digestive tract devel- 
ops from heterogeneous embryonic anlagen. The epithe- 
lium derives from the endodermal germ layer, whereas 
the connective tissue and the musculature derive from 
the splanchnopleural mesenchyme. 
The multistep process of intestinal morphogenesis and 
cell differentiation occurs mja precise species-specihe 
temporal and spatial pattern? ^The sequences of struc- 
tural and ultrastructural changes that take place in the 
epithelium during ontogenesis are closely similar in all 
species; only the timing of these processes is variable. 
For example, in rodents much of small intestinal devel- 
opment occurs late jin. the gestational period. This pat- 
tern differs from that of the human small intestine, 
which is well developed_early in gestation. Whatever the 
species, morphogenetic and differentiation processes in- 
volved in small intestinal development include (see fig. 
1)1) formation of the primitive villi by folding of the 
embryonic endoderm, 2) progressive differentiation of 
endodermal cells into absorptive cells (also called ente- 
rocytes), goblet or mucus cells, and endocrine cells, 3) 
formation oLcrypts, at the base of villi, where dividing 
cells are then segregated at the perinatal period; a new 
specialized cell type appears, the Paneth cell which 
remains restricted to the bottom of the crypt, and 4) 
continuous maturation in the mature organ of the four 
main cell lineages from crypt to villus tip. During devel- 
opment as well as in the course of the crypt/villus 
maturation, differentiation of epithelial cells consists of 
morphological changes paralleled by the synthesis of 



specific proteins. The structural polarization of absorp- 
tive cells allows individualization of a specialized mem- 
brane domain, the apical brush border. This domain is 
composed of microvilli which are sustained by a highly 
organized cytoskeleton and endowed with functional 
proteins such as digestive enzymes (lactase, sucrase and 
peptidases) and transporters, implied in the terminal 
steps of carbohydrate/protein digestion and in absorp- 
tion. Unlike the small intestine, the large intestine, or 
colon, is characterized by deep glands and a flat surface 
epithelium; its major function is to regulate fluid and 
electrolyte transport. A complete description of precise 
intestinal organogenesis is beyond the scope of this 
review and" is "well documented in detail in excellent 
reviews 62 - ™- 83 > 

Ontogenic regulation by epithelium/mesenchymal inter- 
actions has been suggested for a number of organ 
systems. In the intestine, using several experimental 
models, it has been demonstrated that the mesenchyme 
plays a permissive role in the morphogenesis and 
cytodifferentiation of the digestive tract endoderm. This 
conclusion has been drawn by using, in particular, inter- 
species recombinants composed of chick and rat intesti- 
nal anlagen, in combination with species-specific 
morphological and biochemical analyses 65 . In addition, 
the potential involvement of reciprocal instructive inter- 
actions has been emphasized by the fact that, for exam- 
ple, intestinal mesenchyme was able to induce an 
intestinal cytodifferentiation of chick gizzard endo- 
derm 4 ". The presence of a sheath of fibroblast sjindedv- 
ing the crypt epithelium and migrating at least partly in 
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Hgure 1. Schematic representation of the main morphological features and onset of the major epithelial cell types during intestinal 
morphogenesis and crypt u> \illus migration. The endoderm progressively differentiates into the villus epithelium; in the adult, cell 
diversification arises from the crypt compartment located at the base of the villi. The mesenchyme gives rise to the connective tissue - 
the lamina propria and to the muscular layers. The subepithelial basement membrane (BM) is located at the epithelial/mesenchymal 
interface from early stages of development up to the adult stage. <j:: cell. 



synchrony with epithelial cells strongly suggested that 
epithelial/mesenchymal interactions were still operating 
in the adult mature organ. This hypothesis has been 
demonstrated experimentally in recombination experi- 
ments showing that neonatal crypt cells as well as 
fibroblasts from the neonatal lamina propria retain prop- 
erties similar to those of their embryonic forms 4 *- 68 . 
It is well established that in multicellular organisms 
extracellular matrix (ECM) molecules control cell 
growth and differentiation This ECM network includes 
the interstitial matrix and basement membranes (BM). 
Interstitial matrix surrounds cells in the stromal connec- 
tive tissue compartment, while BM are specialized sheet- 
like ECM that separate the connective tissue from 
epithelia, muscle fibers, blood vessels and nerves. Little 
is known about the functional role of ECM components 
in intestinal tissue although numerous sporadic data on 
location/expression of ECM molecules and receptors are 
available. The aim of the present review is 1) to integrate 
these descriptive data in order to understand how ECM 
could contribute to cell movements, and lead to the 
establishment and maintenance of polarized epithelial 
cells, and 2) to describe in vitro models that allow the 
study of the regulation of cell-ECM interactions. 

Changes in ECM organization accompany morphogenesis 
of the developing intestine 

ECM is formed by a complex set of collagens. non-col- 



lagenous glycoproteins and proteoglycans that has a 
unique composition in each organ. Expression of ECM 
molecules is tightly regulated; some are transiently ex- 
pressed at particular times in development, whereas 
others are continually expressed up to adulthood. 
At the electron-microscopic level, the subepithelial base- 
ment membrane corresponds to a continuous sheet of 
amorphous electron-dense material, also referred to as 
the 'basal lamina'. Electron-microscopic immunostain- 
ing of rat duodenum performed by Laurie et al. 77 
showed for the first time that type IV collagen, laminin, 
and heparan sulfate proteoglycan were not layered, but 
were integrated together in the basal lamina. The distri- 
bution of known matrix components within the entire 
human and murine developing intestinal mucosa has 
been reported in comprehensive immunohisfological 
, studies^ 49 - 1 2? -^V.The location of the major BM com-" 
ponents in the adult intestine is schematically summa- 
rized on figure 2. All together, the data revealed that 
BM components are present at the intestinal epithelial/ 
mesenchymal interface early in embryonic development 
and that changes in the spatial distribution of some 
ECM proteins are associated with morphogenetic pro- 
cesses. 

Laminin is a glycoprotein having an approximate molec- 
ular weight of 900 kDa. This major component of the 
basement membrane is a cross-shaped heterotrimeric 
molecule. Laminin isolated from the Engelbrcth-Holm- 
Swarm (EHS) tumor (laminin-1) is composed of three 
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peptidic chains A, Bl and B2 1 1 recently named al. 01 
and yl 20 . Using polyclonal antibodies, laminin-1 was 
detected immunocytochemically at 12 days of gestation 
in the rat intestine 127 and at 8 weeks of gestation in the 
human 10 at the epithelial-mesenchymal junction as well 
as around a few cellular structures (presumably blood 
vessels) scattered within the mesenchyme. At a later 
developmental stage in rodent, just before villus forma- 
tion, the staining observed in the mesenchyme was 
intensified and became confined to two distinct areas: 
the zone immediately beneath the epithelial-mes- 
enchyme interface, and the most peripheral zone of the 
mesenchyme which will differentiate into muscular lay- 
ers 127 . Throughout the following developmental period, 
laminin-1 was still detected at the boundary between 
epithelial cells and the stromal compartment; during 
this villus elongation period, the BM staining was how- 
ever more regularly found at the base of the villi. In the 
adult, laminin-1 was linearly distributed from crypts to 
villus tips. By in situ hybridization, laminin y 1 messen- 
ger RNA in the 12 day fetal mouse intestine was de- 
tected exclusively in the mesenchymal cells and 
preferentially in those immediately adjacent to the ep- 
ithelium. Thereafter, laminin yl mRNA expression was 
found to be strongest in cells forming the muscle layers, 
the muscularis mucosae and the lamina propria" 9 . 
The study of neosynthesized laminin-1 from rat intesti- 
nal segments taken at various stages of development, 
purified by affinity chromatography on heparin-Sep- 
harose has revealed interesting changes in the level and 
molecular forms of laminin-1 as a function of intestinal 
development 122 . Indeed, the maximal biosynthctic activ- 
ity of laminin occurred in rat intestinal tissues during 
the gestational period (16-18 days) showing that the 
fetal intestine synthesizes very large amounts of 
laminin-1 at the same time as the commencement of 
intestinal differentiation, i.e. villus emergence and indi- 



vidualization of the smooth muscle layers proceed. An- 
other peak of laminin-1 synthesis, although weaker than 
the first one, was detectable when, crypts' formed (zone 
of the dividing cells) by invagination of the base of the 
villi into the mucosalconnective tissue. Evaluation of 
relative proportions of individual laminin polypeptides 
showed that the intestine, like many organs, produced 
laminin (i 1 and y 1 subunit forms in excess of a 1 subunit 
whatever the developmental stage considered. Interest- 
ingly, the ratio of the amounts of al and /H/yl 
polypeptides varied during morphogenesis, al chain 
level being maximal during villus formation 71 - ,22 . 
Northern blot analyses partly confirmed these observa- 
tions; indeed, examination of RNA transcripts for the 
laminin [i\ and al chains in the developing rat intestine 
revealed peculiar temporal patterns (fig. 3). Amounts of 
steady-state p\ and a 1 mRNA expression were much 
higher in the fetal intestine compared to the adult 
mature organ. Surprisingly, the laminin al chain probe 
hybridized to a -6 kb band and not to the predicted 
9.5 kb transcript (fig. 3). We are uncertain about the 
significance of this small transcript. Yet Vanden Heuvel 
and Abrahamson 148 recently showed that both 9.5 kb 
and 6 kb transcripts exist in developing kidney, and that 
this smaller transcript is enriched in tubular fractions. 
However, Klein et al. 7i could identify a very weak 10 kb 
signal for laminin al mRNA in total RNA from 13- 
day-old embryonic intestine but not from later stages. 
Furthermore, using three different cDNA fragments 
detecting different regions of laminin al chain mRNA, 
they were able to identify a 10 kb signal from 
poly(A) + RNA; according to this study, no truncated 
forms of al chain mRNA were expressed in any tissues 
analyzed at this embryonic stage. 
Despite a high level of cell migration and turnover in 
the adult mature intestine (2_to 6 days accordwig to the 
species), production of new BM is low. Tndeed. laminin 
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messenger RNA assessed by in situ hybridization 1 19 and 
Northern blot (fig. 3) is far lower in the adult than 
during fetal stages. Moreover, Trier et al. 144 clearly 
demonstrated by labeling laminin molecules in vivo 
with anti-laminin IgG that Iaminin-1 turnover occurs 
focally in the BM of adult mouse jejunum over weeks; 
the persistence of some staining along the length of the 
crypt-villus axis for as long as six weeks provides strong 
evidence that the BM does not comigrate with its over- 
lying epithelium or underlying myofibroblasts. Im- 
munohistological studies using anti-Iaminin-1 
polyclonal antibodies did not reveal any clear gradient 
along the crypt-villus axis in adult rodent or human 
intestine* 12 * ^ (fig. 4/1). Yet, in the adult rodent organ, 
laminin [i\/y\ chains were found homogeneously dis- 
tributed in the crypt and villus basement membrane, 
whereas al chains were restricted to the crypt zone 1 ". 
Interestingly, in the adult human intestine the y. \ chain, 
found at the subepithelial basement membrane, pre- 
sented a decreasing gradient of intensity from the tip of 



the villus to the crypt mouth; no obvious staining was 
observed in the crypt-cell compartment (fig. 4B). These 
observations point to the potential expression of 
laminin isoforms along the crypt-villus basement mem- 
brane. 

From recent studies, it has become apparent that 
laminin- 1 is a member of a family of proteins 20 - 14 \ In 
fact, molecular biology techniques and availability of 
specific antibodies have demonstrated 5 laminin vari- 
ants up to now. These members of the laminin family 
arc expressed in different tissues and at different times 
during development. An x I chain variant, the il chain 
(formerly called M chain), has been characterized and 
shown to be associated with the classically described ftl 
and vl chains forming the Iaminin-2 or merosin 
molecule 41 Laminin-2 was first identified as a protein 
present in basement membranes of trophoblasts. 
Schwann cells, and striated muscle* 0 . The use of mono- 
clonals against the high molecular weight y.2 chain 
emphasized the heterogeneous composition of laminin 
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Figure 4 Immunostainine showing The location of .-1 laminin- 1 detected with a polyclonal antibody, of B laminin si chain with mAb 
4C7 and of C laminin z f chain with mAb 4G9. on cryosections of intestine from a 4 year-old child, e. epithelium. Lp. lamina propria, 
mm muscularis mucosae; c. crypts, arrows point to the epithelial stromal interface in the crypt region. Bar: 50 urn. 



molecules in the adult human intestine, j 2 chain was 
exclusively present in the basement membrane at the 
bottom of the crypts"-'- 6 (tig. 4C) thus depicting a 
complementary pattern of al and 2 2 chain expression 
in the human intestine. These data show that at least in 
the mature human intestine. 2 1 and y.2 chains are 
mutually exclusive. It is wortli noting that a 2 chain was 
only expressed when crypt downgrowths occurred, ex- 
hibiting immediately a typical localization in the crypt 
region 126 . 

The family of laminin variants also includes a 600 kDa 
molecular weight glycoprotein termed BM-600, kalinin 
or nicein 85 . This protein, now called laminin-5, was 
successfully immunoprecipitated from cultures of ker- 
atinocytes from healthy donors but not from patients 
suffering from a lethal dermatosis. Herlitz junctional 
epidermolysis 150 . In addition, this molecule has been 
shown to immunolocalize to anchoring filaments bridg- 
ing hemidesmosomal structures to lamina densa 10 *. 
Taken together, these data indicate a possible role for 
laminin-5 in cell-substrate adhesion and BM cohesion. 
In the small intestine, indirect immunofluorescence 
studies revealed that, in opposite to laminin- 1, laminin- 
5 was restricted to the subepithelial BM; BM of blood 
vessels and nerves were not stained (Orian-Rousseau et 
al., unpubl. data). Yet, a clear increasing gradient of 
staining was obvious from the mouth of the crypt gland 
to the villus tip; the staining appeared scarcely if at all 
detectable in the crypt region. This distribution pattern 
of laminin-5 was superimposable on one hand to that of 
HD1 (Fontao et ah, unpubl. data), one of the intracel- 
lular hemidesmosomal proteins mediating cell adhesion 
to the extracellular matrix" and on the other hand to 
the p4 integrin subunif* ,26 . The *6/*4 integrin het- 
erodimer is known to be localized in hemidesmosomal 
plaques in cornea and skin-*- lv \ However, these 
hemidesmosomal structures are known to be associated 
xv ith collagen VII, a major structural component of 



anchoring fibrils 112 that is absent from the intestine^. 
Thus, it is interesting to note that a certain number of 
the hemidesmosomal components are mostly located at 
the basal surface of differentiated cells that migrate up 
the villi; this suggests that in contrast to the classically 
described hemidesmosomes, the *hemidesmosome-like 
structures' found in the intestine do not function as an 
anchorage device. 

The other laminin variants, S-laminin (laminin-3), S- 
merosin ( laminin-4) and K-lamimn ( laminin-6) have 
not so far been studied in the intestinal organ. However, 
in a comprehensive study dealing with the expression of 
laminin variants in the adult human smooth muscle. 
Glukhova et al. 4 ' found that S chain, newly called j52 
chain, could be detected only in the adult muscular 
layers. This is in contrast with laminin- 1 which is the 
predominant laminin variant found in the developing 
human colon and with laminin-2 which is restricted to 
capillaries in the adult muscle coat. Generally, the na- 
ture of the effects of each laminin variant on cell behav- 
ior (migration, proliferation, differentiation) remains 
largely unsolved and is beginning to be analyzed mainly 
by in vitro model systems. 

Type IV collagen, another major structural component 
of BM, is a triple-helical molecule composed of three a 
chains. Collagen IV molecules which were assumed to 
contain two 2 I (IV) chains and one a2 (IV) chain are 
now known to harbor also 2 3 (IV). a 4 (IV), oc 5 ( IV) and 
a6 ( IV) chains**- l4 \ To date, five genetically distinct type 
IV isoforms have been described in mammals"*. The 
existence of numerous j. chains of collagen IV that can 
be connected in various arrangements strengthens the 
complexity of the BM organization. In the adult and 
developing gut, the expression of subepithelial collagen 
IV molecules strictly paralleled that of laminin-1 10 ,: \ 
that is homogenously distributed as development pro- 
ceeds along the mature crypt-villus axis. In situ hy- 
bridization allowed the demonstration of the widespread 



FxponcntM 51 ilW*. BirUuu>er VcrLi^. C"M-4nln BjmH Switzerland 



Reviews 



presence of y. \ i IVi collagen messenger in the intestinal 
embrvomc mesenchyme and in the differentiated mes- 
enchvmally-derived compartments (lamina propria, 
muscular cells . . .). Redistribution of type IV mRNA in 
the mesenchyme, leading to its confinement just beneath 
the epithelial mesenchymal interface, paralleled the seg- 
regation of type IV collagen antigens. During villus 
outgrowth, high lc\ els of mRNA were seen in the pro- 
truding villi suggesting that new BM material has to be 
laid down. Finally, as for laminin in the mature adult 
organ, no type IV mRNA could be reliably demon- 
strated by in situ hybridization 1 :t> . Similar data have been 
produced by Weiser et al. ,5 \ who showed by dot-blot 
hybridization analyses that there was little, if any, evi- 
dence for the presence of the transcripts for collagen 2 1 
(IV) and 3(2 (IV) chains in the epithelial cells. Further- 
more Northern blot hybridization analysis of rat intesti- 
nal poly(ArRNA showed that slight signals were 
observed and restricted to the lamina propria fraction. 
Recently, a 5 (IV) and ib ( IV) mRNA transcripts of - 7 
kb were shown to be expressed in a 24-week human fetal 
intestine although in low quantities. The fact that a 
deletion in 26 (IV) collagen gene occurs in inherited 
smooth muscle tumors, leads to the assumption that 
these molecules could be critical for normal smooth 
muscle differentiation 1 ^. 

Perlecan. Basement membranes also contain perlecan, 
a large low-density proteoglycan (PG) composed of 
heparan-sulfate (HS) side chains which was first iso- 
lated and characterized" from the EHS tumor. Al- 
though heparan sulfate proteoglycans arc important 
ECM components that appear to have multiple func- 
tions, precise studies concerning their expression in the 
intestine are quite rare. Polyclonal antibodies prepared 
against EHS perlecan and directed against the core 
protein of the proteoglycan were used to examine the 
distribution of this BM component in the mature rat 
intestine and during its morphogenesis 125 . Again, the 
overall distribution of perlecan is similar to that de- 
scribed previously for the other BM components, 
laminin- 1 and type IV collagen: prominent staining at 
the subepithelial BM and around muscular cells. How- 
ever, contrasting with the regular deposition of the 
latter molecules at all stages of development, changes in 
the staining pattern of perlecan were observed around 
birth in the rat intestine; indeed at this period, the 
labeling of the BM became discontinuous and irregular 
from the middle to the tip of the villi. Similar transient 
microheterogencities in the deposition of BM molecules 
have been described in other organs undergoing mor- 
phogenetic movements (for review see ref. 143). Anti- 
liver HSPG IgG as well as antibodies raised against 
HSPG purified from PYS-2 cell cultures were also able 
to recognize the intestinal subepithelial BM 10!M Yet, 
the PYS-2 HSPG antibodies did not label most smooth 
muscle tested including that of small intestine*" Differ- 



ences in the size of the HSPG core proteins ha\e been 
found and recent data provide evidence that minor 
variants of perlecan appear to be generated by alterna- 
te splicing". These data point to structural variations 
between HSPG molecules in various types of basement 
membranes, which may account for differences in their 
overall function. 

Entactin/nidogen. Other molecules have been described 
as associated with the BM. Among them entactin. also 
called nidogen, is a sulfated multidomain glycoprotein 
of 150 kDa. Its structure and biological properties have 
been reviewed recently 2 '. Increasing evidence suggests 
that entactin nidogen plays an essential role in the as- 
sembly of basement membranes forming a link between 
laminin- 1 and type IV networks*. Similarly, nidogen 
mediates the formation of a ternary complex between 
laminin- 1 and the core protein of proteogK cans'. 
Therefore, one can understand that the pattern of ex- 
pression of entactin, nidogen strictly follows that of 
other BM molecules 12 ". Electron immunohistochemistry 
revealed that entactin/nidogen was found almost exclu- 
sively in the lamina densa^. By Northern blot analvsis. 
a significant amount of nidogen mRNA was found in a 
12.5 gestational day mouse intestine, the only stage 
studied 140 . 

SPARC7BM40 and chondroitin sulfate proteoglycan. 

Other BM components have been detected in the intesti- 
nal subepithelial basements. They concern SPARC; 
BM40 and chondroitin sulfate proteoglycan (CSPG). 
SPARC is often considered as a basement membrane 
protein since it is produced in large amounts by EHS 
tumor 34 . It has a broad tissue distribution (for review 
see ref. 98). It is worth noting that in immunohisto- 
chemistry performed on various fetal and adult mouse 
organs, its preferential location was in cpithelia exhibit- 
ing high rates of turnover such as the gut 111 . Production 
of core protein-specific monoclonal antibodies that rec- 
ognize a large high density proteoglycan (bearing 13-22 
chondroitin sulfate glycosaminoglycan chains) allowed 
McCarthy and Couchman 90 to conclude that one CSPG 
is a constituent of most basement membranes. The 
subepithelial BM in the gut, as well as basement mem- 
branes surrounding smooth muscle cells and blood ves- 
sels, were recognized by these antibodies. 
Fibronectin and type III procollagen. All the other ma- 
trix molecules found in the intestinal lamina propria 
and smooth muscle layers belong to the family of inter- 
stitial molecules. Concerning fibronectin. several studies 
have localized this glycoprotein to the basement mem- 
brane of a variety of tissues (for references see ref. 75). 
It should be noted that at early stages of development 
( 12 days in the feta! rat), immunostaining of fibronectin 
was clearly detected as a linear band at the endodermal 
mesenchymal interface ( unpubl. data). These data are in 
accordance with those of Laurie et al." showing by 
electron microscopic immunostaining that tvpe IV col- 
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lwen , lamimn-1. heparan sulfate proteoglycan and 
nbronectin did not occur in separate la\ers but were 
integrated into a common structure. Later on. during 
formation of villi iT day. of gestation in the rat), 
nhronectin as well a* type III procollagen disappeared 
from the top of the protruding connective tissue 1 - . 
Finall). in the adult rodent and human intestines, 
tibroneetin exhibited a decreasing gradient of intensity 
from crypt region towards the top of the villus 
corc '- !2 ~. In the smooth muscle layer of mouse small 
intestine tibroneetin was localized abundantly in the 
narrow space between smooth muscle cells s . 
Tenascin. The first demonstration of the presence ot 
tenascin (also known as eytotaetin and Jl) in the intes- 
tine was published by Thor et al. 141 . Tenascin is a 
hexameric glycoprotein with disulphide-linked subunits 
originally described as myotendinous antigen". This 
molecule is expressed at the boundary between epithe- 
lial cells and the lamina propria in an increasing gradi- 
ent towards the villus tip in mouse 4141 , rat 121 * and 
human adult intestine". More precisely, tenascin was 
expressed in association with ECM surrounding subep- 
ithelial fibroblasts of the lamina propria 102 . The fact 
that hbronectin and tenascin display inverse gradients in 
immunofluorescence intensities led the latter authors to 
speculate that this shift may trigger the cell shedding 
process. Further arguments were brought out by experi- 
ments using colonic cancer epithelial cells ( HT29 cells) 
that adhered to hbronectin. but not to tenascin ,o: . In 
addition, tenascin reduced the adhesion of the cells to 
fibronectin 2 -- 102 . During development, the first onset of 
tenascin was only obvious in the intestine at day 14 in 
the mouse embryo; at this stage a taint labeling oc- 
curred mostly in the peripheral part of the mesenchyme 
corresponding to the region that will develop into outer 
muscle layers. From the 17th day of gestation, the 
increasing gradient from the crypt base to the top of the 
villus was established, becoming more accentuated in 
the adult organ 4 - 10 '. A similar expression pattern of 
tenascin was obvious in the developing human intes- 
tine 8 . It is worth noting that the molecular form of 
tenascin changes as development proceeds 4 -*. When first 
detected, a 210 kDa chain was strongly expressed, but 
at birth the relative amount of 260 kDa chain increased 
becoming more pronounced in the adult intestine. These 
two tenascin polypeptides arise through an alternative 
RNA splicing; a 6 kb mRNA predominated during 
embryogenesis whereas the 8 kb mRNA appeared 
later" 4 , contrary to the situation found in kidney. 
Collagen. New analytical tools have led to the discovery 
of the impressive diversity of the collagen family (for 
review see ref. 147). At present, only sporadic data are 
available for the intestine, compared to the wide array 
of these molecules. Among them, type I collagen has 
been found to be the major collagen type in the adult 
and developing human small intestine and colon 4 
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followed b\ type III collagen' 4 . High levels of the 
corresponding mRNAs were mainly observed in the 
submucosa; no staining occurred in the muscular lay- 
ers 11 '. Although collagen II has traditionally been con- 
sidered specific for cartilage, the intestinal tissue has 
been found to contain small amounts of its z\ (II) 
mRNA; in addition. *2 (XI) collagen seems to be 
synthesized in this organ, although the signal intensity 
in the RNAase protection assay was lower than that 
obtained with collagen II probes 114 . By calculating the 
relative amounts of various i chains, Graham et al. 4 
showed that collagen type V, composed of i\ (V). *2 
(V) and to a less extent of a 3 (V), constituted a very 
significant proportion of total collagen in the intestine 
as compared with other tissues. Cells expressing high 
amounts of % 1 ( XIII) collagen mRNA were identitied in 
the mucosal layer of the colon and the small intestine 1 *■ . 
Various cultured cell lines, including human colonic 
adenocarcinoma cells are able to express multiple 
mRNA variants of i\ (XIII) chain M . Finally, tmmuno- 
histochemical studies demonstrate that type XIV colla- 
gen is present around smooth muscle cells 21 . 
Conversely, no type VII collagen or type VIII collagen 
were expressed in the intestine^ 1 - 112 . 
Proteoglycans, large proteins carrying sulfated polysac- 
charides (glycosaminoglycans; GAGs) are present in 
virtually all mammalian tissues. The diverse structures 
of proteoglycans found in different tissue locations 
reflect their unique biological properties 1421 ' 6 . Quanti- 
tative as well as qualitative follow up of the GAGs have 
been performed in the developing gut 16 561l \ Chemical 
analysis of purified GAGs revealed that all classical 
molecules are found in the intestine: hyaluronic acid 
(HA), heparan sulfate (MS), dermatan sulfate (DS) and 
chondroitin 4 and 6 sulfate (CS4 and 6). The overall 
GAG synthesis was maximal during fetal life and de- 
clined dramatically after birth, reaching relatively 
steady values maintained until adult stages 16 . One major 
alteration in the evolution pattern of the individual 
GAG species concerns the important drop in HA 
molecules, which accounts for the overall GAG de- 
crease. Moreover, poorly or even completely unsulfated 
HS molecules were produced by early fetal intestines. 
Histochemically, GAGs occurred predominantly in the 
loose connective tissue of the villi 44 - 56 . A DS-PG was 
found located in the same region as well as in the 
muscle layers 1 - Among leucine-rich interstitial proteo- 
glycans is found lumican. which contains several ker- 
atan sulfate chains. This proteoglycan showed a limited 
distribution in connective tissue, and was expressed in 
cornea as well as in muscle and intestine 12 . In the 
intestine, as in other tissues, the cDNA clone to lumican 
hybridized to a 2.0 kb mRNA. and the molecule was 
synthesized as a precursor protein. Its functional role 
remains to be elucidated, although it may regulate eolla- 
cen fibril assembly through its core protein 
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Thrombospondin 3. Finallv. thrombospondin 3 (TSP3). 
belonging to a growing familv of cell surface and extra- 
cellular matrix molecules, has been found to be ex- 
pressed in the intestine bv in situ hybridization. Its 
pattern of expression in various organs led to the hy- 
pothesis that TSP3 could participate in specifying or 
maintaining mesenchvme differentiation into muscle, 
bone and cartilage 1 ' 14 . 

The increasing interest in the tield of the extracellular 
microein ironment has led to the finding of a huge 
diversity in the molecular composition of the FCM 
Diversity begins at the DNA level as examplihed by 
molecules composed of chains expressed from distinct 
genes often distributed on different chromosomes. The 
second level of diversity arises from the alternative 
splicing of several genes resulting in different polypep- 
tide chains. In addition, some molecules can be differen- 
tially expressed as isoforms (as laminin. type IV 
collagen) varying in their constituent chains or their 
glyeosylation pattern. As an example, the /fl chain of 
FHS laminin participates in the trimeric association in 
laminin-2 and laminin-6. Variations in the relative ra- 
tios among the major well-defined components, and in 
the expression of minor molecules further increase the 
structural organ-specific and spatio-temporal ECM het- 
erogeneity. Finally, the orientation and assembly of the 
various molecules in a given tissue will direct precise 
cellular functions (for a review see ref. 98). In the case 
of the intestinal tissue, it is tempting to speculate that 
ECM and particularly BM microheterogeneities and 
asynchronous expression of their constituents during 
intestinal development and along the crypt-villus axis in 
the mature organ, may account for the functional diver- 
sity of the extracellular microenvironment. 

Expression of receptors could contribute to cell 
movements during morphogenesis and in the adult 

The differential expression and functional state of recep- 
tors for BM molecules may also contribute to morpho- 
genetic movements and differentiation of epithelial cells 
during development and cell renewal. A large number 
of cellular receptors able to bind ECM molecules has 
been described- 5 - ,<R,3 °. 

Integrins appear to be the major receptors by which 
cells attach to the ECM. Integrins are a large family of 
at least 21 different heterodimers, each consisting of an 
a- and /i-subunit that associate nonconvalently. It is 
now known that at least five 2-subunits - y.\, 3(2, a3, 
26. and 7.7 - can combine with the /M -subunit to form 
heterodimers able to bind to EHS laminin". In addi- 
tion, *6/i4 as well as *6/f3 have been reported to 
function as laminin receptors in several organs and in 
various cell cultures \ 

Lamin receptors. The most prominent laminin receptors 
found in the developing intestine and in the adult organ 



in several species (human, mouse, chicken) are y.bf,\ 
and ?6/M These have been found located underbid 
the epithelium in various segments of the gastrointesti- 
nal tract' " !v :_i " v ; The developmental expres- 
sion of :/6 and />4 subumts was not coordinated in two 
species studied (human, mouse), the 26 expression pre- 
ceding that of /)4 i: ' '. The fact that the /)4 subunit was 
not detected at early stages of morphogenesis when 
laminin- 1 is present, indicates that the />4-containm£ 
integrins are not involved in the binding of embryonic 
epithelial cells to BM laminin. Concerning the expres- 
sion of 26. />'l and /?4 along the crypt-villus axis in the 
adult organ, it should be pointed out that 1 ) in the 
human intestine, all three subumts were expressed at the 
base of all enterocytes from the base of the crypt to the 
tip of the villus, while in contrast 2) in the mouse 
intestine. 1 6 staining was mainly confined to the crypt 
cell compartment unlike \\A staining which was regu- 
larly observed along the crypt-villus axis 1 * i:f> . The differ- 
ential immunodetection of 26 and 04 subunits along the 
crypt-villus axis in the mouse intestine is intringuing. 
However, these findings concerning the restricted distri- 
bution of the 26 subunit are in accordance with the 
location of laminin y. 1 chain, known to have a C-termi- 
nal sequence which binds to x6/M integrins' }2 . One can 
therefore postulate that differentiation occurring along 
the crypt-villus axis is not only associated with changes 
in integrin expression but can also be linked to possible 
changes in receptor conformation, so that the antibody 
is no longer capable of recognizing it- 4 . Furthermore, it 
has been shown that mouse y.6 subunit can exist in two 
versions. 26 A and 26B, which contain structurally dis- 
tinct cytoplasmic domains; recent findings indicate that 
many differentiated cell types express a6A 2g . Therefore, 
one can also postulate that these two y.6 isoforms bear- 
ing distinct cytoplasmic domains are differentially ex- 
pressed along the crypt-villus axis in the mouse intestine 
and/or differ in their affinity for laminin. Integrin sub- 
units al and a 2 were located more or less regularly 
along the villus, while a 3 subunit was expressed mostly 
by enterocytes lining the upper villus (refs 6, 24, 73 and 
authors' unpubl. data). In addition, some evident im- 
munofluorescence staining localized in cell-cell adhesion 
contacts within the epithelium is even more obvious in 
the colon compared to the small intestine (ref. 160 and 
authors* unpubl. data). The new isoform of the laminin 
integrin. a7/il, was expressed exclusively in the intesti- 
nal muscular layers-". 

Receptor binding fibronectin. The a5/?l receptor binding 
fibronectin has not been detected 24 or is barely de- 
tectable' 1 at the base of intestinal epithelial cells. Never- 
theless. 3v/?6. another fibronectin-binding heterodimer. 
has been shown to be expressed in small intestinal and 
colonic epithelium 1 ". Finally, the z8/M integrin. whose 
ligand is at present unknown, is moderately expressed in 
the epithelial cell layer 1 '. 
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Hvaluronate receptor and non-integrin receptor. There 
1 additional receptors tor K M in the intestine that 
worthv of note. The first subset concerns C 1)44 

"hi-h i-' lhe maior co11 >ur, ' actf rtVl " ptor l0r 
h Huron ite 5 This inteeral membrane glycoprotein was 
Iminentlv expressed in the BM regions lining exclu- 
ivelv the base of the crypts, corresponding to those 
reaions where proliferation of epithelial cells occurs-. 
M'ore aenerallv. this receptor has been found preteren- 
t ;,llv expressed on epithelial cells undergoing active cell 
division- The second subset is a 67 kDa protein a 
non-inteerin receptor, with high affinity for lam.n.n 
Recent data of Rao et al. 1 "" showed that the 67 kDa 
m RN-\ levels were about ten times greater in crypt 
compared to villus cells in the adult intestine. The fact 
that the 67 kDa is a common feature of mitotically 
active cells is corroborated by the fact that its expres- 
sion was increased in a variety of human adenocar- 
cinomas 2 *. Although this 67 kDa laminin receptor is 
still the subject of controversy, its role in intestinal 
physiology in the light of present data seems to be 
rather important. 

Dual origin of the subepithelial basement membrane in 
the developing intestine 
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New analytical tools and models allowed more recent 
studies of tissue interactions and BM formation. Depo- 
sition and assembly of defined molecules into a base- 
ment membrane result from complex mechanisms which 
are probably unique for each system and depend on the 
developmental fate, physiological state of the system 
and environmental conditions'". It is now largely ac- 
cepted that cooperation between various cell types is 
necessary for BM deposition. 

The classic concept of an exclusive epithelial origin of 
the BM has been revisited since 1977. Indeed, Lipton et 
al. 82 , using cultures of embryonic quail myoblasts, were 
probably the first to provide evidence for a dual origin 
of the BM showing the contribution of fibroblasts. 
Various experimental techniques are currently used to 
study the expression of basement membrane molecules. 
They include immunohistochemistry, biochemical ap- 
proaches, or detection of transcripts by in situ hy- 
bridization on isolated tissue compartments or cell lines. 
Apart from the minor limitations of each model (such 
as cellular contamination in the case of isolated epithe- 
lial or mesenchymal cell preparations, abnormal cell 
behavior or loss of differentiation C^^f""^ 
threshold sensitivity), they all have a major drawback. 
Indeed, the fact that a tissue compartment expresses a 
given basement membrane molecule does not necessar- 
ilv implv that this molecule is deposited at the BM 
region. Autoradiographic studies, which circumvent this 
problem, unfortunately do not allow discrimination be- 
tween individual components The strategy designed by 



Sanola et al ' that is interspecies hybrid glomeruli 
combined with species-specilic antibodies, deserves spe- 
cial attention. The major advantage of this model is that 
it allows us to distinguish the deposition at the base- 
ment membrane level of a single molecule. 
To studv the tissue origin of BM m the gut we per- 
formed similar experiments using recombinants between 
chick and rodent intestines. As depicted m figure X 
isolation of pure tissue compartments was achieved with 
embrvonic chick intestine and with fetal rat or mouse 
intestines, and interspecies recombinants were per- 
formed After growth of the grafted implants, species- 
specific antibodies were applied on ery oseclions of the 
developed intestinal hybrid structures. This strategy al- 
lowed us to conclude that the intestinal subepithelial 
BM is composed of molecules produced by both cell 
populations. This conclusion strengthens the finding 
that heterotypic cell cooperation is necessary tor the 
formation of a structured BM. 

Type IV collagen. We could show that mesenchymal 
cells are the principal endogeneous source of this 
molecule' : \ This conclusion is confirmed by the local- 
ization of tvpe IV collagen mRNA in the mesenchyme 
or mesench'ymc-dcrived cellular elements of the lamina 
propria 1 :4 . Yet. regional differences in basement mem- 
brane svnthesis and assembly seem to occur, since in the 
stomach of a 12.5-day mouse embryo the collagen IV 
transcripts were detected in both epithelium and mes- 
enchyme 14 ". The data of Weiscr et al.'" concerning the 
adult mature organ are in accordance with a mesenchy- 
mal oriein of collagen IV. These authors clearly showed 
that the mRNAs for al (IV) and x2 (IV) collagen were 
most abundant in the lamina propria: no collagen IV 
mRNA were evident in the enterocyte fractions even in 
oligo ( deselected RNA. It has to be noted that, dur- 
ing" the reestablishment of the BM in the interspecies 
reassociations. some type IV collagen can be deposited, 
although transiently, by the epithelial cells' 29 . The sur- 
prising but interesting finding of mesenchymal origin of 
collagen IV is not restricted to the intestinal system. In 
particular, Marinkovich et al." 4 provide evidence that 
dermal fibroblasts synthesize and deposit type IV colla- 
gen, as well as type VII collagen and laminin. into the 
basement membrane zone; these authors used as a strat- 
egy dual species cultures of bovine keratinocytes and 
human fibroblasts analyzed by immunofluorescent mi- 
croscopy with human specific antibodies against BM 
components. 

Perlecan. Unlike collagen IV. HS-PG (or pcrlecan) de- 
position at the BM level is achieved by the epithelial 
compartment; in this case HSPG labeling was exclu- 
sively with the antibodies that react specifically with the 
species from which the epithelial cells were taken' : \ 
Laminin. Concerning laminin. the third class of BM 
molecule analvzed. it should be noted that the laminin 
-.1 chain transcripts have been localized to the mcs- 



^2 



Fvpenentu 51 i I^n. B:rkhauser YcrLuv C'H-4'iln Ha-cl S'.\ :i vrl ir.d 



Mens 




a 
o 

c: 
.o 



o 



© 



ratn'^^o™ © recombin 3nts between Chick / Rodent intestines 
mouse (I2d) 



collagenase 
M 0.03% 
M (37°C,1h) 

M 5 1/2 d. emb. 
M chick intestine 

\ 




Cm/Re 



m e 



Rm/Ce 



® graft 



-> 73 days 



species-specific antibodies 



• against laminin a1 chain 

• against laminin pi/yl chains 

• against collagen rv 

• against HSPG 

• against nidogen 



mouse (Dr Sorokin) 
mouse (Dr Lissitzky) 
mammalian (Dr Timpl) 
chick (Dr von der Mark) 
mammalian and chick (Dr Vigny) 
mouse (Dr Edgar) 



Figure 5. Schematic representation of the experimental procedure used tor the study or the cellular origin of BM in the intestine 
^Isolation of pure tissue compartments from the intestine is performed as follow; 12-day-old or 14-day-old fetal mouse or rat intestines, 
Sj-day-old embryonic chick intestine are dissected out and incubated in a collagenase solution (Ih, 37 C) to disrupt the BM. 2 after 
opening the intestinal tube with iris scissors, the endoderm can easily be separated fr.-m the mesenchyme, and interspecies recombinants 
(Cm/Re: chick mesenchyme rodent (rat or mouse) endoderm; Rm/Ce: rodent mesenchyme chick endoderm) are performed; 3 they are 
then grafted into the coelomic cavity of 3-day old chick embryos or under the kidney capsule of adult nude mice to allow the 
development of the implants up to 13 days. The developed hybrid intestinal segments are taken at various periods of times. The 
species-specific antibodies recognizing either rodent or chick intestines are applied on cryosections performed through the hvbnd 
intestine. 



enchyme of embryonic intestine and in the lamina pro- 
pria 119 . Yet by the filter hybridization method, messen- 
ger mRNAs for laminin fi\ and y 1 chains were found in 
addition in the epithelial cell fraction in the adult 15 - 1 . 
From the analysis of the interspecies rodent/chick intes- 
tines with polyclonal or monoclonal antibodies recog- 
nizing rodent but not chick laminin, it can be conclude 
that Iaminin-1 has a dual, epithelial as well as mes- 
enchymal, cellular origin 120 . Epithelial cells produce the 
three constituent chains of laminin during the whole 
development of the hybrids. In contrast, a precise 
chronology in the deposition of laminin chains by the 
mesenchyme could be seen: /H/yl chains were produced 
over the whole developmental period, while y.\ chain 
deposition was delayed; this late expression of al chain 
may indicate that inductive influences emanating from 
the epithelial cells had occurred. Related to these data, 
expression of laminin 2 I transcripts in mesenchymal 
cells localized immediately beneath the epithelium was 
found in organs such as gut and lung in the mouse 
embryo 140 . The asynchrony in the deposition of the 



constituent chains of laminin can be related to the data 
reported in the kidney: in this organ, fi\jy 1 chains were 
constitutively expressed whereas the onset of al chain 
expression correlated with initiation of kidney tubules 
morphogenesis 72 . Immunoprecipitation of metabolically 
labeled molecules produced by the undifferentiated in- 
testinal mesenchyme revealed only /?]/-/! chains of 
laminin 70 that could confirm the hypothesis of an induc- 
tive cell interaction process for synthesis of 1 chains; in 
similar experiments in the isolated endoderm. laminin 
al chain was coprecipitated with fi\/y\ chains. As the 
intestinal tissue is able to produce laminin variants ( see 
above), further studies are necessary to determine their 
pattern of deposition in the BM. The possibility remains 
that each individual laminin chain can be secreted inde- 
pendently and be assembled according to a tcmporo- 
spatial pattern. 

Nidogen/entactin. Found at the subepithelial intestinal 
BM. this has been shown to be a mesenchymal product 
(fig. 6) like in other tissues analyzed by in situ hy- 
bridization" Un The crucial role of nidogen as an inter- 
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molecular linker, and of laminin y. 1 chain shown to be 
necessary for the formation of BM by MDCK epithelial 
cells in culture 40 , leads to the speculation that both 
polypeptides play a key role in the formation of a stable 
basement membrane. 

Models allowing the study of mechanisms of the role of 
ECM molecules in heterologous cell-cell interactions 

Attempts to investigate the modulation of tissue-specific 
phenotypes in isolated epithelial cells have failed, 
mainly due to a rapid loss of cell function in culture 64 . 
These observations strengthen the idea that survival and 
differentiation of specific epithelial cells requires a pre- 
cise molecular microenvironment provided by direct 
contact with living fibroblasts as in vivo. Indeed, a 
coculture system has been show to allow enterocytic 
differentiation starting from embryonic epithelial cells 66 . 
Endodermal microexplants were seeded onto a conflu- 
ent feeder layer of fetal intestinal mesenchymal cells or 
skin fibroblasts. Whatever the cellular substrate, endo- 
dermal cells grew and, after about 4 days, covered the 
fibroblastic cell layer. Elaboration of complete BM 
comprising type IV collagen, laminin- 1, nidogen and 
perlecan was obvious. The deposition of the BM 
molecules at the endodermal/fibroblastie interface was 
progressive and preceded the expression of epithelial 
differentiation markers, such as lactase. These data have 
been confirmed by Stallmach et al. 1 " and Hahn et al. 4g . 
However, the latter authors found contrasting behavior 
ot gastric versus intestinal mesenchyme for support ot 



epithelial differentiation in vitro, emphasizing the con- 
cept of some regional specificity of the mesenchyme 
along the intestinal tube (see also Duluc et al.' 6 ). The 
induction of epithelial differentiation depends on the 
contiguity of vital mesenchymal cells, since fibroblast- 
derived matrices or irradiated fibroblasts were ineffec- 
tive™. In addition, polarization of epithelial cells was 
not induced by any single type of matrix molecule tested 
(type I or IV collagen, fibronectin, laminin-1). By con- 
trast, the use of EMS extract to which type I collagen 
has been added as a substratum led to a burst of cell 
differentiation accompanied by the expression of diges- 
tive enzymes; nevertheless, the survival time of these 
microexplants was rather limited as compared to cocul- 
ture conditions 6 '. The lack of clear effect such as differ- 
entiation when epithelial cells are cultured on isolated 
matrix molecules seems to be peculiar to the intestinal 
cells. Indeed, the morphology, behavior and even func- 
tion of other cell types such as Sertoli cells or mammary 
epithelial cells in culture are greatly influenced by the 
extracellular matrix (for reviews sec ref. 37, 138). It has 
clearly been shown that culture of epithelial Sertoli cells 
on laminin or Matrigel can enhance some differentia- 
tion features, such as the cAMP response to FSH^. In 
the case of mammary epithelial cells, concomitant with 
the organizational changes induced by the ECM, gene 
expression and synthesis/secretion of milk proteins are 
also modulated (for reviews see refs 81. 138). It should 
however be noted that the culture of mouse mammary 
cells on a floating type I collagen gel allows the cells to 
deposit their own basement, leading subsequently to 
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differentiation events 1 : . Thus according to these au- 
thors, the prime effect of exogenous ECM could he to 
regulate the production and organization of EC M by 
the cells themselves. 

The most hkel\ explanation for the apparent dis- 
crepancy between organs is that de novo biosynthesis 
by mesenchymal cells is required to form the BM in 
cooperation with the epithelial cells in the intestine. This 
idea is perfectly in accordance with in situ observations, 
showing a close morphological association between 
mesenchymal or myotibroblastic cells and epithelial 
cells in the intestine when intensive proliferation and 
differentiation occur** 1 -** Q \ Furthermore, coculture ex- 
periments eliminating direct contact by placing a Mil- 
lipore filter in between epithelial and fibroblastic cells 
did not lead to enteroeytie differentiation. The necessity 
of dynamic and reciprocal heterocellular cooperation in 
the intestine is also stengthened by the data obtained by 
Aufderheide and Ekblom 4 . Indeed, in a coculture sys- 
tem, tenascin expression in intestinal mesenchyme was 
triggered specifically by the epithelial cells. 
Other arguments are brought by the effects of glucocor- 
ticoids on ECM molecules in epithelial-fibroblastic co- 
culture experiments. Glucocorticoids are responsible for 
structural and enzymatic changes in the intestine mainly 
during development; indeed these hormones adminis- 
tered in vivo or added in organ cultures are able to 
induce precocious maturation of suckling rat intestinal 
epithelium (for review see refs 52, 64). In the coculture 
system, glucocorticoids were able to 1) modify the na- 
ture and distribution of GAGs synthesized by the 
fibroblastic cells, 2) induce qualitative changes in 
laminin molecules synthesized by mesenchyme-derived 
cells, 3) lead to an accelerated organization of laminin- 1 
at the epithelial/mesenchymal interface. These modifica- 
tions accompanied the accelerated maturation of the 
intestinal embryonic endodermal cells' 5 121 . It is impor- 
tant to stress that injections of glucocorticoids to 12- 
day-old rats led to an increase in type IV ( procollagen, 
fibronectin and laminin and their respective mRNA 
levels; concomitantly a decrease in interstitial collagens, 
type I and III collagen was noted 152 . Thus, altogether 
these data suggest that most of the modifications 
brought by glucocorticoids are subsequent to changes 
of the ECM from stroma, strengthening the idea that 
fibroblastic cells are the cellular targets of the hor- 
mones. Glucocorticoids have been suggested to influ- 
ence the stromal layer in other organs as well (for 
references see ref. 67). Recently, Ekblom et al. 42 showed 
that glucocorticoids could regulate hematopoiesis by 
modulating production of tenascin by stromal cells. 
The model of heterologous coculture allowed us to 
provide more direct evidence of the necessity of a well- 
organized BM for differentiation. Indeed, the addition 
of polyclonal antibodies to laminin-1 to intestinal endo- 
dermal fibroblastic cocultures led to the inhibition of 



expression of lactase (an apical differentiation marker) 
One can postulate that blockage of any other B\l 
molecules would affect differentiation. However, several 
arguments from the literature point to the major role of 
laminin. and in particular of the constituent y. 1 chain for 
BM assembly, or even for morphogenesis and differenti- 
ation. Firstly, in the kidney, the induction of epithelial 
polarization was inhibited by antibodies towards the 
COOH-terminal end of laminin *1 chain" 2 . Closelv sim- 
ilar data were obtained in the lung, although in this case 
the anti-laminin antibodies that inhibited branching 
morphogenesis were directed to the cross region of 
laminin and the globular domains of the /> 1 y 1 chains 11 ' 
Secondly, laminin polymeric networks, formed through 
relatively low affinity interactions, have been found to 
make a major contribution to BM architecture 1 ? \ 
Thirdly, during early embryogenesis some basement 
membranes possess laminin, but lack type IV collagen" 6 . 
These observations as well as the peculiar location of 
the 1 1 chain in the intestine, led us to analyze the role 
of this laminin constituent using a gene transfer strat- 
egy. The expression of antisense RNA in cells is cur- 
rently widely used for reducing the expression of a 
targeted polypeptide 28 . This method is particularly use- 
ful for the study of vital genes whose elimination by 
homologous recombination is often lethal. As a model 
system, we used the Caco2 cells (colonic cancer cells 
lines) expressing non negligable levels of laminin a I 
chain; these cells exhibit phenotypic markers of human 
fetal small intestinal cells 10 ". Immunoblot and immuno- 
cytoehemistry analysis revealed that the three con- 
stituent chains of laminin - zl. \\\ and yl - were 
expressed in Caco2 cells, whereas another colonic can- 
cer cell line, HT29, did not express detectable levels of 
y. \ chain". When cultured on top of fibroblastic cells, 
Caco2 cells grew as monolayers. At the Caco2 cells/ 
fibroblast interface, a continuous BM was noted as 
assessed by electron microscopy and immunodetection 
of collagen IV and laminin. In contrast, the HT29 grew 
as clusters on fibroblastic cells and no polar deposition 
of any BM components occurred at regions where 
HT29 cells and fibroblasts were confronted 14 . The syn- 
thesis of laminin was the highest in Caco2 cells as 
compared to HT29 cells. To study the effect of reduced 
laminin al chain expression on cell behavior. Caco2 
cells were transfectcd with an antisense laminin al-E3 
fragment cDNA construct; clones displaying decreased 
laminin 2 1 levels were isolated. As a consequence, these 
clones accumulated /M/yl chains intracellular^ . In co- 
culture experiments, these deficient cells did not deposit 
a laminin-containing matrix in contact with fibroblasts, 
in parallel no collagen IV was found v . These prelimi- 
nary data allowed us to conclude that the z 1 chain of 
laminin contains information required for the formation 
of a stable laminin-containing basement membrane and 
for the complete assembly of the matrix network. 
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Concluding remarks 

\iorph^cncMs and differentiation, which are the pro- 
*.,^ es by *hich cells 1 > shape the detailed architectural 
futures' of tissues, and 2) acquire their tissue-specific 
functions are characterized by a complex cascade of 
cellular and biochemical events under precise regulatory 
'vntrols. Based on the observations and data reported 
herein we propose that the continuous cell-cell and 
C ell-matn\ interactions, during intestinal development 
and adult cell renewal, are the main driving forces 
involved in these processes. These data stress the fact 
that not only epithelial cells but also mesenchymal-like 
cells act as crucial regulators, together with the ECM 
which is a highly structured entity continuous with the 
cell surface and cell interior. 

Although several elegant contributions have allowed 
significant progress in the understanding of gastrointes- 
tinal cell biology 4 *', few studies have focused on the 
molecular mechanisms governing the integrated epithe- 
lium-mesenchyme unit in the onset and maintenance of 
gut morphogenesis and differentiation. The precise 
knowledge of the tissular, cellular and extracellular ma- 
trix variations in various tissue systems has led to the 
vast field of research concerning molecular events 
involved in these changes. The most important ques- 
tions in the near future will be to know how 1) the 
expression of ECM molecules and of their receptors as 
well as of the degradation enzymes in a given tissue is 
controlled, 2) tissue- or cell-specific gene expression is 
regulated by the extracellular microenvironment. As 
most of these aspects have been and will be approached 
in cell culture systems, a major challenge will also be to 
define the actual role in vivo of individual ECM 
molecules in tissue development and functional mainte- 
nance. 

Linked to the first question, it is worth noting that the 
tissue-specific expression, developmental control and 
coordinate synthesis of the different chains of a given 
ECM molecule must imply complex interactions of mul- 
tiple regulatory proteins. In several recent studies, vari- 
ous effectors have been shown to act on ECM 
production. Among them arc glucocorticoids known 
(see previous section) to influence intestinal maturation 
through their effect on ECM production by the mes- 
enchymal cells. In a closely similar differentiation induc- 
tive system (hematopoietic differentiation), Ekblom et 
al. 4 - have speculated that the hormone-receptor com- 
plex acts directly on cis -regulatory elements of the 
targeted gene (tenascin gene in this particular case). 
Another example of ECM regulation is given by the 
discovery of retinoic acid (a known morphogen-diflcr- 
entiation inducer)-responsive elements in the laminin fi\ 
and type IV collagen promoters, that may modulate 
gene transcription'" l4J . Moreover, the discovery of a 
novel specitic sequence motif that appeals to be unique 



to the regulatory regions of man> genes encoding BM 
proteins, suggests that it represents an important and 
potentially unique control element for the coordinate 
expression and regulation ot LCM : ". 
ECM (like cell adhesion protein) gene promoters also 
contain control elements which are targets for homeo- 
box gene products (described for the cytotactin tenascin 
cene*- ). The huge number of studies performed during 
the last decade on these homeotic genes has clearly 
shown that they are involved in the establishment of the 
anteroposterior axis in multicellular organisms, and in 
the patterning of particular tissues. In the intestinal 
tissue, the following observations are of interest. Firstly, 
there is a differential expression gradient of several 
homeotic genes from the anterior small intestine to the 
distal colon 4 ' '". Secondly, the overexpression of the 
homeobox-containing gene Hoxa-A in transgenic mice 
led to the abnormal development of the smooth muscle 
coat and innervation of the terminal gut (megacolon); 
these alterations were paralleled by an abnormal deposi- 
tion of BM molecules 139 . Considering those data, it is 
tempting to speculate that this gene acts on downstream 
morphogenetic effector genes which could encode ECM 
molecules. 

Cytokines are also good candidates for regulating the 
extracellular matrix steady state. Among them, TGF/f 
has been shown to act on the transcription of variety of 
matrix components and also to up-regulate integrins 
and inhibit degradation of extracellular matrix"- 101 . 
More insight into the molecular mechanisms of TGF/? 
function begins to emerge; for example, activation of 
collagen transcription occurs through a specific activa- 
tion element 10 : A variety of other cytokines, acting 
either on epithelial or on mesenchymal tissues, also 
display quite marked effects on compositional changes 
of the entire ECM. The properties of these cytokines 
have been particularly well analyzed in inflammatory 
diseases (with an increasing attention towards chronic 
inflammatory bowel diseases), where they are involved 
in immunocompetent cell recruitment, fibroblast prolif- 
eration and tissue remodeling 9 v 11 ?JM . An additional 
level of cell regulation is brought by the ability of 
cytokines to bind directly to ECM molecules' 94 ; in this 
way, ECM molecules function as reservoirs for various 
growth factors that can be either immediately available 
to cells when need arises, or undergo conformational 
changes allowing them to get access to their receptors. 
Finally, a link between growth factors and homeobox 
gene expression could mediate signaling implicated in 
epithelial-mesenchymal interactions which do not neces- 
sarily imply direct contact between tissues. Two recent 
studies examplify such an interplay. Vainio et al. 146 
showed in tooth rudiment that BMP-4 (bone morpho- 
genetic protein 4>. a member of the TGF/i superfamily. 
was able to replace the epithelium in inducing morpho- 
logical and molecular changes in the dental mes- 



envhyme. leading to tooth induction. Furthermore. 
HMP-4 induced the expression in the presumpti\e den- 
tal mesenchvme of A/.v.v-l and \fsx-2 homcobox genes 
which may be imolved in the establishment of posi- 
tional information during tooth organogenesis 14 ' . In the 
adult mouse uterus, the expression of A/v.v-1 in the 
epithelium was shown to be induced by the underlying 
mesenchyme. This property of the uterine mesenchyme 
is correlated with the mesenchymal expression of W nt- 
5. the vertebrate homologue of the Drosophila wingless 
family of growth factors*'. Thus, the combination of 
growth factor-like components and of bomeobox-con- 
taining genes could play a role in the developmental 
patterning as well as in maintenance of the adult organ 
in a morphogenetic responsive state. 
Concerning the second important question raised above 
which dealt with the cellular response to the extracellu- 
lar mieroenvironment, the general hypothesis tor the 
mechanism by which ECM regulates gene expression 
implies the following steps. The first one consists of 
binding of ECM to specific receptors leading to their 
clustering. Subsequently, a number of more or less well 
defined intracellular modifications will occur. The signal 
transduction, starting from changes in the cytoplasmic 
domain of the receptors, may invoke either changes in 
the state of assembly of the cytoskeleton or the action 
of various potential second messengers, implying mostly 
phosphorylation events (for reviews see refs 1, 60). The 
final step of the intracellular transduction cascade, 
whatever its nature, deals with the transcriptional regu- 
lation of the responsive genes. A recent review by Lin 
and BisselT 1 summarizes the current knowledge about 
this latter aspect in mammary cells, hepatocytes and 
keratinocytes. They report the presence of ECM /hor- 
mone-responsive enhancers in the promoter region of 
tissue-specific genes, and the activation of specific tran- 
scription factors by extracellular signals. The mitogenic 
response of the C-terminal end of Iaminin y. 1 chain long 
arm includes, as in the response to growth factors, a 
rapid and transient increase of c-fos and c-jun pro- 
tooncogenes expression, and DNA binding activity 74 . 
Almost all the emerging data on the role of individual 
ECM molecules and on the molecular mechanisms in- 
volved in the integrated epithelial-ECM-mesenchymal 
unit arise from in vitro studies; a major challenge will be 
now to confirm these findings in situ. An approach to 
this fundamental question in cell biology and physiol- 
ogy is to analyze the consequences of the overexpression 
or knock-out of a given molecule on morphogenesis and 
differentiation processes. Unfortunately, most of the 
mutations giving deficient expression of ECM molecules 
or receptors are lethal due to the impairment of major 
morphogenetic steps in early embryogenesis: thus it is 
impossible to draw any conclusion about their function 
in the intestinal tissue. Up to now. two ECM molecule- 
deficient models have been examined: tenascin knock - 
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our 1 " and merosin deficient </r mutant mouse :> | M 
The\ did not reveal any significant modification of the 
intestinal morphogenesis or crypt villus formation Tis 
sue-specitic and temporally targeted alterations must 
now be performed to overcome lethality in transgenic 
mice or functional redundancy of some of these cornpo 
nents. 

In conclusion, the benefit of many integrated investiga- 
tions performed in a wide range of disciplines will most 
probably lead in the near future to a better understand- 
ing of the mechanisms involved in cell-cell communica- 
tion and of their implication in cell biology, physiology 
and pathology. 
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Gene expression profiles in thyroid carcinomas 

T Takano 1 , Y Hasegawa 1 , F Matsuzuka 3 , A Miyauchi 3 , H Yoshida 3 , T Higashiyama 2 , 
K Kuma 3 and N Amino 1 

•Department of Laboratory Medicine, and < Surgical Oncology. Osaka University Medical School. D2. 2-2 Yamadaoka Suita Osaka 565-08~*1 -Kuma Hospital 
8-2-35- Simoyamatedori, Chuo-ku. Kobe. Hyogo 650-0011. Japan 

Summary The gene expression profiles of human thyroid carcinomas were analysed by serial analysis of gene expression (SAGE) which 
allows quantitative and simultaneous analysis of a large number of transcripts. More than 29 000 transcripts derived from a normal thyroid 
tissue and four thyroid tumours were analysed. While extensive similarity was noted between the expression profiles of the normal 
thyroid tissue and three differentiated thyroid tumours, many transcripts, such as osteonectin, a-tubulin, glyceraldehyde-3-phosphate 
dehydrogenase, glutathione peroxidase, and thyroglobulin, were expressed at extremely different levels in differentiated and undifferentiated 
carcinomas. These data provide new information that might be used to identify genes useful for the diagnosis and treatment of thyroid 
carcinomas. 2000 Cancer Research Campaign http- www.bjcancer.com 

Keywords: gene expression; SAGE; gene therapy; anaplastic carcinoma; follicular carcinoma; molecular-based diagnosis 



Recent advances in molecular technology suggest the potential for 
more efficient and effective molecular-based diagnoses and thera- 
pies. Many studies, such as those concerning p53, HAS, RET. and 
thvrotropin receptor, have improved our understanding of thyroid 
carcinogenesis (Farid, 1996). However, more intensive studies 
to further clarify the molecular mechanism of carcinogenesis 
are necessary before we select the molecular targets for these 
technologies. 

In the thyroid, as in other organs, genes that are found to 
be differentially expressed between normal thyroid tissue and 
thyroid carcinomas can be used as targets for molecular-based 
diagnosis and therapy {Chiappetta et al, 1998; Takano et al. 
1998, 1999). Recent developments in technologies aimed at 
identifying differentially expressed genes, such as differential 
hybridization and differential display, have identified some genes 
the expression of which is restricted to thyroid carcinomas 
(Gonsky et al, 1997; Takano et al, 1997; de Nigris et al, 1998). 
However, the data made available by these methods are still insuf- 
ficient for a comprehensive evaluation of all genes involved in 
carcinogenesis. 

By relying on 14-15 base cDNA sequences for gene identifica- 
tion, serial analysis of gene expression (SAGE) can generate a 
quantitative transcript profile easily, a task currently not possible 
using alternative transcript imaging technologies (Velculescu et al, 
1995), and is less laborious than the body mapping method which 
can generate similar profiles (Matsubara and Okubo, 1993). Since 
its introduction in 1995, SAGE has been used to analyse cDNA 
libraries derived from several carcinomas and its reliability has 
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been established (Zhang et al. 1997; Hibi et al. 1998). We describe 
here the use of SAGE to provide gene expression profiles in 
normal thyroid and thyroid tumours, a technique that may lead 
to an enhanced understanding of thyroid cell function and 
carcinogenesis. 



MATERIALS AND METHODS 

Materials 

Tissue samples for SAGE were obtained surgically from a normal 
thyroid tissue adjacent to a follicular adenoma in a 43-year-old 
female, a follicular adenoma in a 43-year-old female, a papillary 
carcinoma in a 32-year-old female, a widely invasive follicular 
carcinoma in a 35-year-old female, and an anaplastic carcinoma in 
a 77-year-old female. Tissue samples from three normal thyroids, 
follicular adenomas, papillary carcinomas, follicular carcinomas 
and anaplastic carcinomas were also collected for reverse 
transcription-poly merase chain reaction (RT-PCR) analysis. 
Thyroid tumours were classified histopathologically according to 
the WHO histological classification of thyroid tumours (Hedinger 
et al, 1989). Total cellular RNA was extracted according to the 
method of Chomczynski and Sacchi (Chomczynski and Sacchi, 
1987) and poly A RNA was purified with o!igotex-dT30 (Takara. 
Shiga, Japan) according to the manufacturer's protocol. 

SAGE protocol 

The SAGE method was performed as described previously with 
some modifications. 3 (ig of poly A RNA was convened to double- 
stranded cDNA with a BRL synthesis kit (Gibco BRL, Tokyo. 
Japan) according to the manufacturer's protocol except for the 
inclusion of primer biotin-5'-T 18 -3'. The cDNA was cleaved with 
Nla III (anchoring enzyme) (Daiichi-Kagaku. Tokyo, Japan). After 
capture of the 3' cDNA fragments on streptavidin-eoated magnetic 
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beads (DMial. Tokw. Japan., the bound cDNA was diwded into 
two piK)ls : . and one of the following linkers containing a recognition 
sue tor Bsm FI < Oanchi-Kagaku 1 was United to each pool; 

linker 1 . S'-TTKiG ATTTGCTGC. I GC AGTAC AAt TAG- 

GCTTA ATAGGC j AC ATG - 3 ' . 5 ' - TCCCTATTA AGCC - 

TA GTTG TA XTGC ACT A GC A A ATC C (ammo modification 

C7}-3': 

linker 2 ^ ' -TTTCTGCTCG A ATTC A AGCTTCTA ACG ATG - 
TAG GGGG AC ATG - 3 ' , V -TC CC CG TAC ATCG TTA - 
GAAGCTTGAATTCGAGC AG < amino modification C7)-3 . 

Since Bsm FI itaaaing enzyme) cleaves 14 bp away from Us 
recognition site, and the Nla III site overlaps the Bsm FT site by 
1 bp, a 15 bp SAGE tag was released with Bsm FI, SAGE tag 
overhangs were filled in with Klenow (Takarah and tags from 
the two pools were combined and ligated to each other. The 
ligation product was amplified by 15 cycles of PCR using 
5 ' - GG ATTTGCTGGTGC AGTAC A - 3 ' and 5'-CTGCTCGAAT- 
TCAAGCTTCT-.V as primers. All the linkers and primers were 
obtained from Gibco BRL. The PCR products were analysed by 
polyacrylamide gel electrophoresis (PAGE), and the PCR product 
containing two tags ligated tail to tail (ditag) was excised. The 
PCR product was re-amplified by 20 cycles of PCR using the same 
primers, purified bv PAGE, then cleaved with Nla III. The band 
containing the ditags was excised and self-ligated. then cleaved 
Table 1 SAGE analysis of a normal thyroid and a follicular adenoma 



with Sph I iTakarai. The concatenated product were separated b\ 
gel filtration uMng a Sephadex 4IW>R < Amer^ham Pharmacia. 
Tokvo. Japan i. then cloned into the Sph I site of pGhMoZf i + i 
iPromeiia. Tok>o. Japan). These procedures produced about 500 
white colonies per reaction Colonies were screened for inserts b\ 
PCR UMiiii primers which sequences located outside the cloning 
site. Colonies containing inserts of about 400 bp in length were 
selected for the further analysis. Plasmids from selected clones 
were purified bv an automatic plasmid isolation system 
PI - i Kurabo. Osaka. Japan) then sequenced with Taq FS Dye 
Primer kits (PE Biosystems. Tokyo. Japan) and analysed using 
a 373 AB1 automated sequencer (PE Biosystems I. following 
the manufacturer's protocol. Sequence files were analysed 
by the SAGE software and the tag sequences were analysed by the 
BLAST program of the DNA Data Bank of Japan (Mishima. 
Sizuoka, Japan). The occurrence rates of tag sequences were 
calculated by dividing the number of occurrences of a particular 
tag sequence by the total tag count. 



Semi-quantitative RT-PCR analysis 

Semi-quantitative RT-PCR analyses of 4 representative mRNA 
sequences were performed as previously described (Takano et al, 
1 997). The sequence of the 5' primers are 5 '-GG ATTTGCTGGT- 
GC AGTAC A -3' (base 15 1 1 1530) (Swaroop et al. 1988) for 



Normal thyroid 

Total no. of tags = 5411, no. of unique tags = 623 
Count Sequence Definition 



Follicular adenoma 

Total no. of tags = 5030, no. of unique tags = 569 
Count Sequence Definition 



64 
63 
55 
50 



49 
48 



CCACTGCACT 
CGGTGAAAAA 
ACTTTTTCAA 
GTGAAACCCC(G) 



CCTGTAATCCC 
GTGAAACCCC(A) 



33 


GTGAAACCCT 


30 


TGTGTTGAGA 


29 


CACCTAATTG 


28 


AACCCGGGAG 


28 


CCCATCGTCC 


26 


AGGGAGGGGC 


25 


TCAAGCCATC 


25 


TTCATACACC 


23 


CTCCACCCGA 


23 


TACATAATTA 


20 


AGCCCTACAA 


20 


GCGAAACCCC 


19 


AACCTGGGAG 


19 


AGCTCTCCCT 


18 


CTAAGACTTC 


18 


TTGGCTTGCT 


15 


ACCCTTGGCC 


15 


AGGTCAGGAG 


15 


CAAGCATCCC 


15 


CGCCGCCGGC 



EST A1081056 
thyreoglobulin 

mitochondrial cytochrome oxidase subunit 1 

1 . Alu transcript 

2. obese protein 

3. platelet-activating factor acetylhydrolase 2 
5'-nucleotidase 

1 . granulocyte-macrophage 
colony-stimulating factor receptor 
alpha-subunit soluble isoform 2 

2. myelin/oligodendrocyte glycoprotein-25.1KD 

3. fibroblast growth factor receptor 
putative serine-thereonine protein kinase 
elongation factor 1 -alpha 
mitochondrial ATP synthase 6 

1 . transmembrane receptor protein 

2. primary Alu transcript 

mitochondrial cytochrome oxidase subunit 2 
glutathione peroxidase 
EST AI563994 

mitochondria! MADH dehydrogenase 4 
secretory protein 
trophoblast STAT 

mitochondrial NADH dehydrogenase 3 
ESTN71314 

DNA fragmentation factor-45 
putative ribosomal protein L23 
EST C04521 
EST AA515148 

mitochondrial NADH dehydrogenase 1 
human carcinoma cell-derived Alu RNA 

transcript, clone CD139 
EST A1 557493 
ribosomal protein L35 



144 
56 
54 
54 
4? 
38 
34 
33 



29 



23 
20 
19 
19 
19 
19 
18 
17 

17 
16 
16 
15 

14 
14 



13 
14 



CGGTGAAAAA 

CCTGTAATCC 

ACTTTTTCAA 

CCACTGCACT 

CGGTGAAGCA 

GTGAAACCCT 

TGTGTTGAGA 

GTGAAACCCC(G) 



GTGAAACCCC(A) 



TAGGTTGTCT 

CACCTAATTG 

AGCTCTCCCT 

GGCAAGCCCC 

TTCATACACC 

TTGGTCCTCT 

CCCATCGTCC 

AACCCGGGAG 

AGCCCTACAA 
CCTCAGGATA 
GCCGAGGAAG 
CACAAACGGT 

CCTGTAGTCC 
TTGGCCAGGC 



CCAGAACAGA 
GACGACACGA 



thyroglobulin 
5'-nucleotidase 

mitochondrial cytochrome oxidase subunit 1 
EST AI081056 
no match 

putative serine-threonine protein kinase 
elongation factor 1 -alpha 

1 . Alu transcript 

2. obese protein 

3. platelet-activating factor acetylhydrolase 2 

1 . granulocyte-macrophage colony-stimulating 
factor receptor alpha-subunit soluble isoform 2 

2. myelin/oligodendrocyte glycoprotem-25.1kD 

3. fibroblast growth factor receptor 
translationally controlled tumor protein 
mitochondria! ATP synthase 6 
putative ribosomal protein L23 
Csa-19 

mitochondrial NADH dehydrogenase 4 
ribosomal protein L41 

mitochondrial cytochrome oxidase subunit 2 

1 . transmebrane receptor protein 

2. primary Alu transcript 
mitochondrial NADH dehydrogenase 3 
mitochondrial NADH dehydrogenase 6 
ribosomal protein S12 

1 , metallopanstimulin 

2. ribosomal protein S27 
EST R10346 

1 . aggrecanase-1 

2. interferon-inducible RNA-dependent 
protein kinase 

3. glucose-6~phosphatase 
1 . ribosomal protein L30 

2 thymidylate kinase 
ribosomal protein S28 
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osteonecrn 



alpha-tubulin 




glutathione 
peroxidase 



M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



N FA PC FC AC 

Figure 1 Semi-quantitative RT-PCR analysis of osteonectin, a-tubulin, GAPDH, and glutathione peroxidase mRNAs. Tissue samples from three normal 
thyroids (N), follicular adenomas (FA), papillary carcinomas (PC), follicular carcinomas (FC) and anaplastic carcinomas (AC) were subjected to RT-PCR 
analysis. PCR products were run on a 1 .5% agarose gel. then the gel was stained with SYBR Green 1 (Takara). Arrows indicate the expected positions of the 
PCR products. M: PHY maker (Takara) 



osteonectin, 5 '-GG ATTTGCTGGTGC AGTAC A - 3 ' (base 102 1-1040) 
for a-tubuiin (Cowan et al 1983). 5'-CCAAGGTCATCCAT- 
GACAAC (base 557-576) for glyceraldehydes-3-phosphate 
dehydrogenase (GAPDH) ( Arcari et al. 1984), and 5'-ACGTGTC- 
CTACCTATGTGTC-3' (base 981-1000} for glutathione peroxi- 
dase (Takahashi et al 1990). A poly A-anchor primer DDR 
( 5 '- ATGCG A ATTCGTTTTTTTTTTTTTTTTTTT- 3 ' ) was used 
for the 3' primer. RT was performed using 1 tig of total RNA in an 
RT mixture containing 40 mM Tris-HCl (pH 8.3), 75 mM KC1. 
10 mM DTT, 3 mM MgCL 0.5 mM dNTPs, 200 U Moloney 
murine leukaemia virus reverse transcriptase (Gibco BRL), 2 U/|il 
RNase inhibitor (Takara), and 2.5 uM oligodeoxythymidylic acid 
(Gibco BRL) in a total volume of 20 }il at 37 "C for 60 min. For 
PCR, each reaction mixture consist of 1 [il of cDNA. 0.5 |iM each 
primer, 2 |il of 10 x Ex Taq buffer (Takara), 1 .6 |il of 2 mM dNTP 
mix (PE Biosystems) 0.5 U of Ex Taq polymerase (Takara), and 
nuclease-free water to a final volume of 20 (il. The reaction 
mixture was subjected to 25 cycles of denaturation (94 C; 1 min), 
annealing (55°C; 1 min), andextension (72 C; 1 min). After 
PCR amplification, 5 [il of reaction mixture was run on 1.5 C £ 
agarose gel. The gel was stained with SYBR Green I (Takara), 
then analysed with a Fluor Imager (Molecular Dynamics, 
Sunnyvale, CA). 

RESULTS 

SAGE libraries were constructed from mRNAs isolated from 
a normal thyroid tissue sample and four thyroid tumours. In total, 
29 275 tags were sequenced, representing about 600 unique tags in 



each tissue (Tables 1 and 2). The majority of the highly expressed 
sequences in each tissue code mitochondorial and ribosomal 
proteins. The tag sequence of thyroglobulin mRNA was highly 
expressed in the normal thyroid and the 3 differentiated thyroid 
tumours but not in the anaplastic carcinoma. In the 2 differentiated 
carcinomas, high expression levels of the tag sequence of 
cathepsin B were observed. In the anaplastic carcinoma, most of 
the highly occurring tag sequences were derived from house- 
keeping genes in addition to mitochondorial and ribosomal 
sequences. Some sequences that were only seldom observed in the 
differentiated carcinomas, such as those of osteonectin and col- 
lagen genes, were also highly expressed. 

To generate a profile of the relative gene expression patterns in 
each tumour, the occurrences of each tag identified in the tumour 
library were compared with those observed in the libraries of the 
other tumours or of the normal thyroid. Representative sequences 
are listed in Tables 3 and 4. The tag sequences that code mitochon- 
dorial and ribosomal proteins were excluded from the lists. A 
small number of tag sequences showed extreme differences in the 
expression levels among the normal thyroid and differentiated 
tumours. In contrast, among the 97 tag sequences which occurred 
10 times or more, 29 (29.890 and 27 (27.89c ) sequences occurred 
at rates 10-fold or more than those in papillary and follicular carcin- 
omas, respectively, which indicates that the expression profile of 
the anaplastic cardnoma is much different from those of the differ- 
entiated carcinomas. 

Expression levels of some genes whose tag sequences were 
differentially expressed in the anaplastic carcinoma were exam- 
ined by semi-quantitative RT-PCR. Semi-quantitative RT-PCR 
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contirnv 



e J increased expression ot" osteonectin, a-iubulin. and 



GAPDH- and decreased expression of glutathione peroxidase 
m RNA in 3 anaplastic carcinomas (Figure 1 >. 

DISCUSSION 

. thlS slu dv. we used SAGE to analyse cDNAs from tissues of a 
ormal thyroid and 4 thyroid tumours and created expression 
"rofiles for each tissue. In our results, some tag sequences corres- 
ponded to more than one gene. It was not possible, by means ot 
nlv S\GE-data analysis, to determine whether all ot the corres- 
ponding genes were expressed in the tissue. In the case of these 
xquences further analyses, such as Northern blot or quantitative 
RTPCR analyses, may be needed, Some tag sequences with no 
homology to'known genes appear on the list. These sequences 
might be derived from some unknown genes, although the possi- 
bility of interference by the individual variations in the 3' untrans- 
lated region of mRNAs should be also considered. 

Pauws et al recently described the application of SAGE to create 
an expression profile of the normal thyroid (Pauws et al. 2000). 
Their data are quite similar to ours in that the majority of the 
highly expressed sequences coded mitochondorial or nbosomal 
proteins and the thyroglobulin gene was highly expressed. 
However, while they detected 24 tags of thyroid peroxidase, we 
detected none in the normal thyroid tissue and only 2 in the follic- 
ular adenoma. The effects of some endemic factors, such as iodine 
uptake, may explain this discrepancy. Further, because we 
performed SAGE analysis on a smaller scale than they did, only 
about 600 unique genes were identified. Thus, the analyses were 
limited to abundantly expressed sequences, and this is another 
reason why most of the thyroid-specific genes with moderate or 
low expression levels could not be detected. 

In our study, the tag sequences of some genes, such as thyro- 
globulin, cathepsin B, and thymosin beta 10, were expressed in the 
benign and malignant tumours in a manner similar to that in pre- 
vious reports (Brabant et al, 1991; Shuja and Murnane, 1996; 
Califano et al 1998), suggesting the reliability of these SAGE 
data. For example, the tag sequence of cathepsin B occurred at a 
much higher rate in the papillary and follicular carcinomas than in 
the normal thyroid or the follicular adenoma. 

In the anaplastic carcinomas, most of the highly occurring tag 
sequences code mitochondorial proteins, nbosomal proteins, or 
housekeeping genes, such as GAPDH Interestingly, the products 
of some of these genes are already being used as serum tumour 
markers such as beta 2-microglobulin and ferritin. Thus, some of 
the genes identified here and shown to have high occurrence rates 
in thyroid carcinomas might be used as serum tumour markers of 
thvroid malignancies. 

Osteonectin is a bone matrix protein synthesized by cells of 
the osteoblastic lineage, with a possible association having been 
suggested between this protein and mic Decalcifications in some 
malignant tissues (Bellahcene and Castronovo, 1995). The corres- 
ponding tag sequence of osteonectin mRNA showed a high occur- 
rence rate in anaplastic carcinoma, and over-expression of this 
gene was confirmed by semi-quantitative RT-PCR. Osteonectin 
expression mav become a new marker of anaplastic carcinomas, 
and the relationship between the expression of osteonectin and 
these cancers' aggressive biological characteristics may provide an 
interesting focus of study. 

One of the most difficult distinctions in thyroid pathology is the 
ditterentiation between benign follicular adenomas and follicular 
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carcinomas iRosai and Carcangiu. 19X7). Preoperative ditterentia- 
tion of follicular adenomas and carcinomas by cytopathological 
examination is quite difficult: accordingly, there has been a 
concentrated effort to establish a definite molecular marker ot 
follicular carcinoma. Although only several differential^ ex- 
pressed genes were identified in the present study, some ot the 
genes with known and unknown properties as listed in Table 3 may 
be candidate markers of follicular carcinomas. 

In conclusion, in the present report, we analysed the gene 
expression profiles in the normal thyroid and 4 representative 
thvroid neoplasms. The results of this study may provide clues 
toward not only the establishment of a molecular-based diagnosis 
and therapy, but also an improved understanding of thyroid 
function and tumorigenesis. 
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ABSTRACT Retinoic acid (RA) signal transduction is be- 
S to be mediated through severs. ^J""**™^ 
receotors [RA receptors (RARs) and retinoid X receptorsl, 
S are membersof the steroid/thyroid/vitamm D super- 
Sly and function as transcription factors. Why multapte 
RARs exist and what gene targets are regulated by each of the 
^rLptors remain compelling questions ^hj«M 
biology. Through targeted disruption of both R ARyal leles we 

have identified several ^"TT^KJS embry . 
regulated either directly or indirectly by RARy in F9 embry 
3 carcinoma cells. These include genes encoding Hoxa-1 
S-16) and the extracellular matrix proteins am.mn B and 
couLen type IV («1), all of which are RA inducible in 
wud-fype ^embryonal carcinoma cells but are not s.gndl- 
TanU Tduced in the RARy _/_ lines. In contrast, transcnp s 
encoding Hoxb-1 (Hox-2.9) and cellular RA binding pro e.n II 
?CRA?PII) are activated by RA for a longer period of time in 
he RARr Hnes compared to the wild-type T9 une Not all 
RA-respoLive genes are aberrantly expressed; 
and SPARC transcripts are regulated in the RARy •' hnes as 
Z, are in F9 wild-type cells. Our results support theidea « 
each RAR may regulate different subsets of RA-responsive 
g^nes which may £pU., * part, the complex regulation of 
developmental processes by retinoids. 

M-mw«-retinoic acid (RA), one of the most potent natural 
retinoids, is both an important signaling molecule in embry- 
on c development and cell differential on and a useful drug 
for the treatment of several types of cancers (1-3 . Two 
dasses of molecules are known to modulate the actions of 
R^ The fi™ class is composed of the cellular RA binding 
Pate ns I (CRABPI) and II (CRABPH) which are small 
cytoplasmic, high-affinity RA binding molecules 4-7). The 
second cTass consists of the highly conserved nuclear recep- 
o?s-the R^ receptors (RARs) «, 0, and I 7 and the retinoid 
X receptors (RXRs) a, p, and 7 -that function as ligand- 
tadSJE^ion factors through the ^ono^ 
erodimers bound to specific RA response element RAREs^ 
(refs 1 and 8-10 and references therein). Bothall-/ra/u -RA 
2 9-cSra are effective ligands for the RARs, while the 
R?R S bind only 9-m-RA with high f <f s ^ ™* 
references therein). The ex.stence of mu sug 
nested that each may perform a unique function (8). Th s idea 
wa supped by the observation that in the developing 
mouse embryo each RAR exhibits distinct spat.o.emporal 
expression patterns (12, 13). 

fn accordance with 18 U.S.C. 51734 solely to .nd.cate rtus fact. 



RARs and RXRs may play m transducing treated 
Since murine F9 embryonal carcinoma cells, when treated 
with RA, differentiate into endoderm cells resembling those 
Tf the mouse blastocyst, these cells represent an attractive 
model system in which to study the early events of mamma- 
Uan development and retinoid signaling. Elimination of the 
Sly protein via targeted disruption of both RARy alleles in 
F9 cells affords the opportunity to study the function of the 
protein In this report we demonstrate that F9 stem cells 
crying such a disruption fail to exhibit a normal differen- 
2 Morphology upon treatment with RA. At the mote* 
ular level, this abnormal differentiation is reflected by he 
a tered expression of the transenpts of several differentia- 
tion-specific genes, including the Hox genes Hoxa-1 (Hox- 
6) an P d Hoxb-1 < Hox-2.9), the CRABPH gene, and the genes 
encoding the extracellular matrix »_ a ™ fl*™ 
collagen type IV (al). However, Rex-land SPARC mRNA 
level! remain correctly regulated by RA in the : RAR^ ' 
lines showing that not all differentiation-specific genes are 
affected This work identifies RA target genes that appear to 
be specifically regulated by one of the RARs. 

MATERIALS AND METHODS 
Cell Culture and Generation of Disrupted Lines. The RARy 
disruption vector *.l is described in detail elsewhere ^ 
Wild type F9 cells (F9-Wt) were cultured under standard 
conditions (6); 1 x 10' cells per 500 pi ™ 
poration buffer plus 20 „g of linearized y6.1 plasmid I were 
electroporated using a Bio-Rad gene pulser set at 200 V 960 
uF (15). Cells were plated at a density of 1 x 10 cells per 
150-cni tissue culture plate for 36 h followed by selection 
[G418 (300 Mg/ml active drug) plus 250 fiM ganciclovir] for 
18-21 days. Individual colonies were isolated and propa- 
gated, and an aliquot was used for genomic Southern blot 
analy sis. The second allele was targeted by growmg the 
s"ngle-copy disruption line F9-Wt-y- 119 in high levels of G418 
(2 mg/ml) for 21 days (15). Individual colonies were har- 
vested and analyzed as described above 

Differentiation of F9 Stem Cells. F9-Wt, I^-Wt-y-119, FV 
W^119 14, F9-Wt-rll9-16. and F9-Wt-y-119-17 stem cells 
were cultured and treated with 1 mM all-rr^-RA with or 
without dibutyryl cAMP and theophylline « °escnb^ (4 6). 
No differences in doubling times were noted among the live 
Slimes in the presence or absence of ™ <^ 
For Northern blot analysis, the same stem cell lines wot 
treated with 1 all-/rans-RA, and RN A was prepared at the 
Indicated times. Southern and Northern blot analyses were 
performed as described elsewhere (6). 



^RXTeT^Tac.d: RAR. RA RXR. ^' nold 

X receptor; RARE. RA response element: wt wild type. 
*To whom reprint requests should be addressed. 
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Gel Mobility-Shift Assay. The expression vectors for the 
mouse RAR coding sequences RARal (16, 17), RAR/32 (16), 
and RARyl (16, 18) in pSG5 (19) have been described. Cells 
were transfected with 10 /ig of the murine RAR expression 
vector plus 10 /ig of carrier plasmid by the calcium phosphate 
technique (20). Cells were grown in the presence of 1 /iM 
al\-trans-RA for 24 h. Whole-cell extracts from cultures of 
F9-Wt and F^-Wt-y-l 19-14 cells were prepared as reported 
(21). Mobility-shift assays were performed as described by 
Garner and Revzin (22) using the Hoxa-l/RAREp double- 
stranded oligodeoxynucleotide corresponding to the RARE 
of the Hoxa-l and RAR02 genes (23, 24) as described by 
Nicholson et al (25). Protein extracts (4 ptg) were preincu- 
bated with 50,000 cpm of 32 P-labeled oligonucleotide probe 
followed by addition of 1 yX of ascites fluid monoclonal 
antibodies directed against the F region of RARal, -)32, or-yl 
(21, 26, 27). The protein complexes were resolved on a 5% 
poly aery lamide gel. 

RESULTS 

The genomic sequence encoding the B domain of the RARy 
protein was targeted with a replacement construct containing 



6 kb of genomic sequence interrupted by the neomycin- 
resistance gene (Fig. la; ref 14). Homologous recombination 
was detected by genomic Southern blotting with a genomic 
probe flanking the targeting construct. This probe gives rise 
to a 4.5-kb BamHl genomic fragment specific for the target- 
ing event, compared to the wild-type (wt) 6-kb BamHl 
fragment (Fig. 1 a and b). Fig. lb shows that one copy of the 
RARy gene has been disrupted in the F9-Wt-rll9 cell line. 
The second allele was disrupted by selecting F9-Wt-^119 
cells in high levels of G418 (15), resulting in 4 RARy~ 7 ~ lines 
of 36 G418-resistant lines tested. Two of these cell lines, 
F9-Wt-rll9-14 and F9-Wt-y- 119-16, were chosen for further 
study (Fig. 16). 

To confirm the disruption of both alleles of the RARy gene, 
RAR? RNA levels were measured by Northern blot analysis 
(Fig. lc). The F9-Wt-y- 119-14 and F9-Wt--y-119-16 cell Lines 
do not contain RARy-specific transcripts as compared to the 
control lines (Fig. lc, lanes 3 and 4). Thus, both copies of the 
RAR y gene have been successfully disrupted by homologous 
recombination initiated by the y6.1 targeting construct. 

The ability of RARy _/ ~ F9 cells to respond to RA was first 
determined. F9-Wt stem cells and the RARy -/ ~ (F9-Wt-y- 
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Fig 1 Targeted disruption of the RARygene by homologous recombination, (a) The RARy disruption vector y6.1 is shown (14). The RARy 
genomic sequence spanning the region encoding the B domain of the RARy protein is interrupted by the neomycin-expression gene driven by 
the GTI-H (simian virus 40 enhancer) plus the Rous sarcoma virus TATA box (14). The herpes simplex virus thymidine kinase (tk) gene is located 
at the 3' boundary of the targeting sequences. Using the probe indicated, a successful recombination event gives nse to a 4.5-kb BamHl genomic 
fragment, in contrast to the wt 6-kb genomic fragment. This targeting vector is designed to disrupt all isoforms of the RARy gene. For full details, 
see ref 14 B BamHl* E, EcoKU Ea, Eag I; K, Kpn I. (b) Southern blot analysis demonstrating disruption of the RARygene. Positions of the 
targeted genomic fragment and of the wt genomic fragment are indicated. Cell line F9-Wt- r 11947 is also included as a control since this line 
was derived from the high G418 selection but failed to undergo gene conversion. U) Northern blot analysis showing the absence of the endogenous 
RARy mRNA Cells were treated with 1 RA and RNA was prepared at the indicated times. Lanes: 1, F9-Wt; 2, F9-Wt- r 119; 3 
F9-Wt-rll9-14' 4 F9-Wt-rll9-16 The 3- to 4-fold reduction of RARy RNA in the control lines F9-Wt and F9-Wt- r 119 is consistent with 
previously published reports (16, 28). There is no detectable RARy RNA in the RARy-- cell lines F9-Wt- r 119-14 and F9-Wt- r 119-16. 
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119-14) line possess a similar morphology in the absence of 
all-/rflrtj-RA (Fig. 2). However, in the presence of RA or RA 
plus dibutyryl cAMP and theophylline , the F9-Wt (Fig. 2) and 
RARy*''" (data not shown) cells change their morphology, 
developing pronounced cell borders and extending cellular 
processes associated with differentiation (Fig. 2 a-d). In 
contrast, the RARy - ~ line exhibits fewer of the differenti- 
ation-specific morphological characteristics noted in the 
F9-Wt cells (Fig. 2 a'-d'). Interestingly, the RARy ' line 
begins to display some of the differentiation charactenstics at 
later times after RA treatment (data not shown). Thus, RARy 
provides a critical function during the differentiation of F9 
stem cells, the absence of which significantly alters the 
normal RA responsiveness with respect to the morphological 
changes associated with differentiation. 

To investigate the function of RARy during RA-induced 
differentiation, the two RARy"/" cell lines were treated with 
1 M M z\Urans-RA and the differentiation was monitored by 
Northern blot analysis (Fig. 3). In the lines that do not 
express RARy RNA, there is minimal induction of the 
Hoxa-l gene at 24 h, and only low levels of Hoxa-1 RNA are 
detected at 48 h after RA treatment. Moreover, no induction 
of laminin Bl or collagen type IV (al) RNAs is observed in 
the RARy" 7 " lines. In contrast, in the RARy ' lines the 




Proc. Natl. Acad. Set. USA 90 (1993) 9603 

Hoxb-1 and CRABP1I RNAs are induced to the same level as 
in wt cells, but at 48 h after RA treatment these RNAs do not 
decrease as rapidly as those in the wt cells. 

Not all differentiation-related genes are affected in the 
RARy - " lines. For instance, the RA responsive genes Rex-1 
and SPARC are regulated in the RARy 7 ~ lines as they are 
in wt cells (Fig. 3). Interestingly, expression of RARa and 
RAR/3 (Fig. 3), as well as that of RXRa and RXR0 (data not 
shown), remains unaltered in the RARy ' lines. These 
results suggest that RARy plays a specific role in the RA 
regulation of the "early" RA-inducible gene Hoxa-1 , as well 
as in that of the "late" RA-inducible laminin Bl and collagen 
type IV (al) genes. 

A gel mobility-shift assay was used with the addition ot 
monoclonal antibodies specific for RARa, -/3, and -y to 
investigate which RARs are present in the wt and RARy 
F9 cells before and after RA treatment. With extracts of 
untreated F9-Wt cells, specific complexes are observed using 
RARa and RARy but not RAR)3 antibodies, indicating the 
presence of both RARa and RARy but not RAR/3 in these 
cells (Fig. 4, lanes 1-3 and 7-9). Interestingly, the intensity of 
the complex formed with RARy is stronger than that of the 
RARa complex, suggesting that F9-Wt cells are richer in 
RARy than in RARa. In contrast, and as expected, no RARy 
complex is detected in RARy _/ ~ cells under conditions 
where the intensity of the RARa complex is similar to that of 
wt cells (compare lanes 1 and 7). Control transfection exper- 
iments with vectors expressing either RARa, -0, or -y 
indicate clearly that the absence of RARy in the "mutant 
cells is due to the disruption of the RARy alleles (lanes 12-15 
and 22-24). After RA treatment, RAR0 complexes are sim- 
ilarly "induced" in wt and RARy~ /_ cells (compare lanes 
4-6 and 10-12), in agreement with the Northern blot data 
above for RAR/3. As expected, the RA treatment does not 
affect the formation of RARy complexes, which remain 
absent in the RARy~ /_ cells (lane 12). 

Taken together the results described above indicate that 
RARy is absent in the mutant cells, whereas RAR/3 is induced 
as in wt cells. Since the RAREs of the Hoxa-1 and RAR/3 
genes appear to be identical (23, 24), this latter result indi- 
cates (/) that RAR/3 induction is autoregulatory, or (u) that 
due to their different promoter context (29) the RAREs of the 
RAR/3 and Hoxa-1 are bound and activated by different 
receptors (e.g. , RARy in the case of Hoxa-1 and RARa in the 
case of RAR/3), and/or (hi) that there exists a greater 
functional redundancy among RARs in the case of the RAR0 
promoter than in the case of Hoxa-1 (e.g., the RAR/3 pro- 
moter could be stimulated by both RARa and RARy, 
whereas the Hoxa-1 promoter would be preferentially stim- 
ulated by RARy). 




Fig 2 RARy" 7 " cell lines fail to exhibit a complete differenti- 
ation morphology in culture. As stem cells, the F9-Wt and the 
RARy" /_ cell line F9-Wt-y-119-14 share a similar compact morphol- 
ogy However, after treatment with either 1 RA or RA plus 
dibutyryl cAMP (250 >M) and theophylline (500 M M) (R ACT) for 96 
h the F9-Wt cell line develops a differentiation phenotype charac- 
terized by the development of cellular processes, distinct cell bor- 
ders, and irregular cell shape. In contrast, in the RARy" 7 line this 
differentiation phenotype is much less pronounced. Thus, the ab- 
sence of RARy attenuates the changes in morphology associated with 
RA-induced differentiation, (a) F9-Wt. ib) F9-Wt + RA, 96 h (c) 
F9-Wt + RACT, 96 h. id) F9-Wt + CT, % h. (a ) F9-Wt-rll9-14. 
{b') P9-Wt-rll9-14 + RA, 96 h. (c ) F9-Wt-rll9-14 + RACT, % h. 
id') F9~Wt-rll9-14 + CT. 96h. 



DISCUSSION 

We show here that the inactivation of RARy in F9 stem cells 
prevents several aspects of the RA-associated differentiation 
pathway observed in F9-Wt cells. RARy gene disruption 
specifically results in a drastically reduced induction of 
Hoxa-1 RNA and in the lack of induction of the laminin Bl 
and collagen type IV (al) RNAs. In contrast, Hoxb-1 and 
CRABPII show normal RA induction in the RARy 7 lines 
but are not correctly down regulated. RAR0, SPARC, and 
Rex-1 regulation are unaffected by the lack of RARy. This 
work represents identification of some of the direct and/or 
indirect gene targets of RARy. In the developing mouse, 
RARa, RAR0, and RARy are expressed in distinct embry- 
onic regions, suggesting that each RAR performs a specific 
developmental function (12, 13). Our observations support 
the idea that each RAR regulates the expression of specific 
genes. We have also shown that RARy is involved in the 
morphological changes associated with RA-induced F9 stem 
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Fig. 3. The absence of RAR-y 
RNA results in a reduction of RA- 
induced Hoxa-1, laminin Bl, and 
collagen type IV (al) RNA ex- 
pression. The ability of F9 stem 
cells lacking the RARy gene to 
respond to RA-induced differenti- 
ation was tested by Northern blot 
analysis. The RARy" ~ cell lines 
F9-Wt-y-119-14 and F9-Wt-y- 
119-16 exhibit reduced levels of 
the Hoxa-1 RNA and do not ex- 
press detectable levels of laminin 
Bl or collagen type IV (al) RNAs 
compared to the F9-Wt and 
RARy" ~ cell lines F9-Wt-y-119 
and F9-Wt--r 119-17. Hoxb-1 and 
CRABPII RNA levels are induced 
to the same level as in the wt line; 
however, they do not decrease as 
rapidly as in wt cells. Expression 
of RARa, RAR0, Rex-1, and 
SPARC RNAs is not significantly 
affected in the RARy _/ ~ lines. 
This experiment was performed 
twice with similar results. 
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Fig. 4. Lack of binding of RARy to the Hoxa-1 RARE in a 
RARy~ /_ line. Binding of the RARs present in extracts of F9-Wt and 
RARy~ /_ cell lines {with or without RA treatment) was investigated 
by a gel mobility-shift assay. A radiolabeled oligonucleotide repre- 
senting the Hoxa-1/RAR0 RARE was incubated with nuclear ex- 
tracts prepared from F9-Wt cells (lanes 1-3, RA untreated; lanes 4-6, 
RA treated), F9-Wt-y-119-14 RARy-'- cells (lanes 7-9, RA un- 
treated; lanes 10-12, RA treated), F9-Wt cells (lanes 13-15, RA 
untreated; lanes 6-18, RA treated), and F9-Wt- 7-119-14 RARy _/ ~ 
cells (lanes 19-24, RA untreated; lanes 25-27, RA treated) trans- 
fected with murine RARa (lanes 13, 16, 19, 22, and 25), RAR0 (lanes 
14, 17, 20, 23, and 26). or RARy (lanes 15, 18, 21, 24, and 27) 
expression vectors. Arrow indicates the shifted complex formed in 
the presence of mouse monoclonal antibodies Ab9cHF) (lanes 1, 4, 7, 
10, 13, 16, 22, and 25), Ab8#F)2 (lanes 2, 5, 8, 11, 14, 17, 23, and 26), 
and Ab-KmF) (lanes 3,6,9, 12, 15, 18, 24, and 27) specifically directed 
against the F region of RARa, -0. and -y, respectively. 



cell differentiation. This abnormal morphological differenti- 
ation of RARy^ cells may result in part from reduced 
Hoxa-1 expression, as we have previously demonstrated that 
ectopic expression of the Hoxa-1 gene in the absence of RA 
leads to a morphological change, which is, however, clearly 
distinct from that induced by RA (30). In this respect, we note 
that Hoxa-1 expression does not induce the morphological 
differentiation of embryonal carcinoma P19 cells (31). 

Disruption of the RAR-y gene in mice does not produce the 
alterations associated with Hoxa-1 disruption (14, 32, 33). 
There may be several explanations for this apparent discrep- 
ancy. It is possible that the control of Hoxa-1 expression in 
the context of the whole animal is different from that in a 
tissue culture model or that the functional redundancy among 
the three RAR types is greater in the developing mouse, 
providing a means for compensating for the loss of one 
receptor. Note that RARa but not RARy transcripts were 
detected in the rhombencephalic region that is affected by 
Hoxa-1 disruption (34). The possibility of functional redun- 
dancy among the three RARs in vivo is supported by the 
results of additional RAR disruptions in the mouse. Mice 
lacking the RARal isoform possess no developmental or 
growth abnormalities (35, 36), suggesting that the loss of 
RARal can be compensated for during development. Indeed, 
even in the F9 RAR-y"''" cells, there appears to be some level 
of redundancy, since Hoxa-1 is detectable at low levels 
during the latter phase of RA treatment. The low levels of 
Hoxa-1 expression at late times of RA treatment either may 
result from RARa action or may be the result of the increase 
in RAR/3 expression at later times. Further studies with F9 
embryonal carcinoma cells disrupted for the RARa and/or 
RAR/3 genes should be useful in resolving these questions of 
functional redundancies among RARs. 
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Abstract 

E«rocen receptor (ERi a is expressed during osteoblast 
^erentiation; however, both us functional role ,n bone 
m etabolism and us movement in osteoporotic patho- 
ses, caused by estrogen deficiency are not v e 
understood. Loss of ERu gene expression could be one o 
the mechanisms leadi.ig to osteoporosis. Theretore. ^ 
investigated a possible modulation of ERa gene expression 
„ a human osteoblastic cell line and in tour pnmarv 
osteoblast cultures by using a decoy strategy. Double 
stranded DNA molecules, mimicking a regulatory region 
of the ERU gene promoter (DNA-102) and acting as a 
■silencer in breast cancer cells, were introduced into 
osteoblasts as -decoy" c,s-ele„,ents to bind and tuncuonaUy 
inactivate a putative negative transcription factor, and thus 
to induce ERa gene expression. 

We found that the DNA- 102 molecule was able to 
specifically bind osteoblast nuclear proteins. 



Before decov treatment, absence or variable low leve s 
of ERu RNAs in the different cultures ™ K **Tw 
When the cells were transfected with the DNA-10- 
decov. an increase lit expression of ERu and osteoblastic 
markers, such as osteopontin. was observed, indicating a 
more differentiated osteoblastic phenotype both in the cell 
line and in primary cultures. These results showed that the 
PNA-KP sequence competes with endogenous specific 
negative transcription factors that may be critical for a 
decrease m or lack of ERa gene transcription. Therefore, 
osteoblastic transrectal, with the DNA- 102 decov 
molecule mav be considered a tempting model in a 
putative therapeutic approach for those pathologies, such 
as osteoporosis, in which the decrease or loss of ERa 
expression plays a critical role in bone function. 
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Introduction 

Estrogens regulate a variety of metabolic processes 
* i their specific nuclear receptors which be ong to a 
nuclear receptor superfannlv (Carson-junca et al 1 0 
Mangelsdorf « al. 1995) and act as hgand-depend nt 
transcription factors (Green & Chambon 1988) Two 
specific estrogen receptors have been identified ERa 
Green « al 1986, Auchus & Fuqua 1994) and, more 
recently ERP (Mosselman c, al. 1996. Vida. etal. 1999) 
Both receptors exibit a specific tissue distribution and 
modulate 'activities of different estrogen respons, e 
ge „e promoters in a different manner (Bord et al. 2001, 

Braidman et al. 2001). dteleial 
The importance of estrogen and nuclear ERs to skeletal 
growth and bone metabolism is supported by; a body ot 
Evidence (Eriksen et al. 1988. Bodme el al. 1998. R.ckard 
a al 999 Compston 2001,. Nevertheless, the network of 
intentions and molecular mechanisms is very- complex 
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and the design of a unique model of estrogen action in 
bone is very difficult. Recent advances have defined 
potential sites of estrogen action within the bone micro- 
environment: these mainly include proliferation and dif- 
ferentiation of osteoprogenitor cells, activity of mature 
osteoblasts and osteoclasts, bone matrix synthesis and bone 
resorption, and interaction with co-regulatory factors 
(Rickard « a/. 1999. Spelsbergff J/. 1999) 

Expression stud.es in skeletal cells both in «m> and 
in vivo have demonstrated that the concentration of ERa is 
higher than ERp in bone and in osteoblasts at aU stages of 
differentiation (Arts et al. 1997, Denger etal. 2001). 

As for the clinical aspects, the positive effect of estrogens 
on bone homeostasis is well known. Estrogen replacement 
therapy reduces the incidence and seventy of pathologies 
such as osteoporosis and cardiovascular disease in post- 
menopausal wLen (Pacific! 1996. R.ggs 2000) even if 
long term estrogen treatment increases the risk of endo- 
metrial and breast cancers. At present, a number of studies 
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aimed at understanding the wide spectrum ot effects 
exerted by estrogen on the bone have described the 
development of drugs and therapeutic approaches tor the 
treatment of osteogenic disorders (Windahl ft al 1999. 
Rodan & Martin 2000, Compston 200 1), such as osteo- 
porosis, tumor-associated osteolysis, rheumathoid arthritis, 
periodontal disease and orthopedic implant osteolysis. 

Since the expression level ot endogenous ERs is limiting 
for estrogen responses, it is tempting to speculate that a 
strategy able to modulate ERs gene expression may be a 
new tool tor stimulating bone formation. An increase in 
gene expression could be fulfilled either by recruiting 
positive transcription factors or by reducing the action of 
negative factors. We focused our attention on ERa gene 
expression and we hypothesized that subtracting negative 
transcription factors able to bind ERa gene promoter(s), 
by using specific approaches or agents, could result in a 
reduction in their negative effect and an increase in ERa 
gene expression. 

The concept of using nucleic acids to bind target 
proteins has been explored as a way of manipulating gene 
expression in living cells (Mann & Dzau 2000). This 
strategy involves the delivers' of double-stranded DNA 
molecules termed 'decoys' which are able to squelch the 
activity of the target transcription factor (Piva & Gamban 

1999) . The competition for trans-acting factors between 
the endogenous cis-elements present on the target gene 
and the exogenously added decoy DNA molecule, 
containing a sequence identical to that of the specific 
cis-element, results in an inhibition or attenuation of 
the 'authentic' interaction of trans-factor(s) with its 
cis-element(s). Therefore, this approach represents a 
method for testing the biological involvement of genomic 
sequences in the regulation of gene expression and in the 
maintenance of a specific phenotype (Monshita et al 1996, 
Sharma et al 1996, Yamashita et al. 1998, Wang et al. 

2000) . Additionally, this approach can be considered a 
useful method for modulating the gene expression for 
potential therapeutic intervention (Monshita et al 1995, 
Tomita et al 1999, Mann & Dzau 2000). 

In this study, the involvement of the ERa in bone cells 
was investigated by transfectmg cultured human osteoblast 
cells with a decoy molecule against a distal promoter of the 
ERa gene. The decoy molecule that we propose is a 
synthetic double-stranded DNA belonging to the P3 distal 
promoter of the ERa gene ( — 3258/ — 31 57, termed 
DNA- 102), showing a high affinity for a putative negative 
transcription factor (nTF) found in ER-negative cells. In 
a previous study, we transfected this sequence into 
ER-negative breast cancer cells, and we obtained the 
reactivation of ERu gene transcription (Penolazzi et al 
2(>0< »). 

The aim ot this study was to investigate the ability of 
DNA-1'»2 decoy to bind to nTF and to affect the 
induction ot ERa gene expression in the TEX5 osteo- 
sarcoma cell line and in human primary osteoblasts. The 



analysis concerns ERa because levels of ERp mRNA 
were undetectable in the primary osteoblast culture*, 
analyzed. 

We report that, in these osteoblast-like cells, the 
DNA-102 decoy increases both the ERa gene expression, 
in particular through the activity of upstream ERa gene 
promoters, and the expression ot osteopontm (OPN. 
(Denhardt & Guo 1993) and osteonectin (ON) (Terminc 
et al 1981) that are typical markers of osteoblastic function 
and differentiation. By contrast. ERp gene expression was 
not reactivated by decoy treatment. 

Therefore, our experimental approach may contribute 
to the development of bone anabolic therapeutic mol- 
ecules that would stimulate bone formation through the 
specific manipulation of gene expression. 



Materials and Methods 

Materials 

Egg phosphatidyl choline was purchased trom Lipid 
Products (Nuffield Nurseries, Surrey. UK). The catiomc 
surfactant N-[ 1 -(2,3-dioleoyloxy)propyl]-N,N,N~tnmethyl- 
ammonium methyl-sultate (DOTAP) was purchased from 
Sigma Chemical Co. (St. Louis, MO, USA) 

As decoy molecule, a DNA fragment belonging to the 
5' region of the human (h) estrogen receptor gene, 102 bp 
in size (DNA-102), was generated by PCR using RA1 
(5' - G C C ATTG TTG AC C T AC A G G AG - 3 ') and RA4 
(5'- TATTTATATCCAGTATTTATTTTCAATACT 
GACT-3') primers. As control, a 150 bp plasinidic frag- 
ment (DNA- 150) was used. pBLCAT8 ERCAT1 (Piva 
et al 2000) and pGEX-2TK (Nilsson et al 1985) recom- 
binant plasmids were used as templates for DNA-102 and 
DNA-150 respectively. After amplification, DNAs were 
purified by an ultrafiltration procedure with the 
Microeon-30 system (Amicon, Inc, Beverly, MA, USA) as 
previously described (Penolazzi et al 1997). 



Liposome prepa ration 

Catiomc liposomes, composed of egg phosphatidyl choline 
(PC) and the catiomc surfactant DOTAP (PC: DOTAP. 
8:1 mol/niol), were prepared by reverse phase evaporation 
followed by three extrusion cycles through 200 nm pore 
size polycarbonate membranes. The extrusion step was 
performed in order to obtain unilamellar liposomes with a 
homogeneous size distribution, as confirmed by treeze- 
fracture electron microphotographs (Cortesi et al 1996). 



07/ culture and DXA translation efficiency 

Normal human spongy bone specimens were collected 
during surgical procedures. Patients were in got\l health 
consistent with their age, and were not suffering trom 
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. ut0linmuIK . or metaboV di^ea^ or mahgnamie. 1 hey 
'vere affected bv arthritis of the hip and m tlu- , a-e ot 
r „KMUs 3 and 4 climc.il dugnosi. ot o*,^,, wa ; 
nl de For the surreal pasture we tollowed Harding * 
iU r t ncal approach to the hip. As regards the ethics ot 
^experimental prcvedures on human subjects, mtorme, 
onsent was obtained from each patient alter lull 
Explanation ot the purpose and nature ot all procedure 

used. . , 

Bone specimens were cultured according to Maiinzi 
,| Primary cultures were grown m Falcon 

rt^ks containing Eagle's Minimum Essential Medium 
supplemented with 2"".. fetal bovine serum ^ Vibco. 
Gaithersburg. Mil USA) and anttb.ot.es at 3, C m an 
humidified atmosphere of 5% CO, (Sollazzo etal. 
Subcultures were obtained about 3d days later. The Tthn 
osteosarco.ua cell line was grown in the same conditions. 

Decay DN A molecule (600 ng) was used to transtect 
cells at (Vf 1 ., confluence plated in 31 -mm diameter plates. 
UNA was mixed with cationic liposome suspension 
ilipid'DNA ratio 10:1 w.'w) m a final volume ot ,u<i ub 
After 30-m.n incubation at room temperature. "0 id 
serum-free medium were added to the liposome ON A 
complex and used to transtect one well. Twenrv-tour 
hours later, the transfection solution was replaced with 
complete medium that was not deprived ot endogenous 
estrogenic activity. After transfection. cells were washed 
five times with l'BS. 

Alkaline phosphatase activity 

Alkaline phosphatase (ALP) activity- was measured in 
confluent human osteoblastic cells bv the hydrolysis ot 
p-mtrophenvlphosphate (PNPP) according to Ibbotson 
e , a l (1986). Enzyme activity was expressed as U nig 
protein. One unit was defined as the amount ot enzyme 
which hvdrolvsed 1 umol PNPP/mmute. Cell protein was 
determined according to the Lowry method (Lowry e, al. 
1951) The effect of 1,25-dihydroxyvitaimn Vs (1.-3- 
(OHwD,) on ALP activity was verified after incubation m 
medium'containing 10 nM 1.25-(OH) 2 D, tor 48 h. 
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Analysis of gene transcription 

Gene expression was detected by reverse transection^ 
polymerase chain reaction (RT-PCR) on total RNA 
(1-5 Ug) from transfected cells. 

The amplification reactions were performed using 
the Superscript One-Step RT-PCR System (Lite 
Technologies, GibcoBRL, Gaithersburg. MO. USA) and 
a Violet Thermal Cycler. The following primers and 
conditions were used. ERct: forward (F) = :> -C.TATATG 
TGTCCAGCCACCAACC-3' (exon 3). reverse (R)-r> - 
CTCTACACATTTTCCCTGGTTCCT-3 (exon 6); 
30 cycles: 60s at 94 V, 60s at 57 t ^ Oils at 
72 V. ERp: F = 5'-ATCTTTG AC ATGC 1 ( C TGGC-3 , 

w\\^.endocnnolog\.org 



(,I VFCTGTGGGAGCTAATCCT-3'. R = .V-A( .AG! 
Cc;A\(XiTCTTGTTGTC-3'; 3" cvcles: (,..> at ^ C. 
„ 5->-c: and W's at 72 S C. P-Actm: 

TG^G(VCVCACCCACACTGTGCCCATcrA-3. 
R = v-ctagaagcatttgcggtggacgatggag 

GG-3': 2o cycles: 45 s at 94 V. 45 s at 6n V and 4r> s at 

PGR amplifications specific for different ERu tran- 
scripts were performed under the following conditions. 
FG R r FG = 5'-TCGTCCTGGGAGCTGC AC .TT-3 . 
rt = 5'-GATAATCGACGCCAGGGTGGCAGA-3 : 
Vi cvcles: 60 s at 94 V. 60 s at 53 V and 6n s at 72 V. 
H> Rl- FP = 5'-AAGACGTTCTTGATCCAGC-3 . 
R 1 = V-ACCAAAGC ATCTGGGATG-3': 3< ' cvcles: 
WK at 94 = C:. 60 s at 54 V and (>" s at 72 V. FH dU: 

fh-5'-\gc;aac,gagtaagcacaaac;-3', ri -.-> - 

A C C AAA G C AT C T G G G AT G -3 ' ; ^ 30 cvcles: W s at 
94 V, 60 s at 48 °C and 60 s at 72 V. 

AH amplifications were compared with a negative 
control (primers without RNA) and the levels ot expres- 
sion of the different genes were normalized against the 
P-actin mRNA content using a densitometry analysis. 
RT-PCR products were separated on agarose gel. elec- 
trophoresed and. for ER RNA analysis, were subsequently- 
blotted onto nvlon membrane using standard procedures 
(Penolazzi a al. 1998). Hybridizations were performed 
with the following M P-hbeled probes: pOR15 (Green 
et al 1986) for total ERa transcription analysis, pGHhR 
(Ponglikitmongkol et al. 1988) for FG/R2. FP'Rl and 
FH Rl PGR amplifications used to discriminate the 
activity of different promoters, and P SG3-hERp (Ogawa 
f f al. 1998) for ERP mRNA. 

Western blot analysis 

Cell extracts from TE85 cells were separated by 10% 
SDS-PAGE. essentially according to Laemmh (1 >70). and 
proteins were then transferred to nitrocellulose mem- 
brane (Hvbond C). After electroblotting. proteins were 
visualized using Ponceau S reagent (Sigma). The blots 
were blocked for 2h at room temperature with 
1 < phosphate-buffered saline containing 0T% Tween J 
(PBST) and 3% BSA, incubated for 2 h with purified 
monoclonal antibody (290 ng/ml) to the human ERa 
in"'"'" 1 diluted 11000). polyclonal antisera against the 
human bone OPN (LF-123, diluted 1:1000) and bovine 
bom osteonectin (BON-1, diluted l:100o) „i blocking 
solution. The blots were then washed three times wuh 
PBST for 3<i mm and incubated for 45 min with 1 BS 1 
containing alkaline phosphatase-conjugated goat anti-rat 
I«C; antibody (Promega) diluted 1:4000. and washed three 
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Fieure 1 Schematic representation of the 5' upstream region ot the human estrogen receptor ,r.R« gene and «>me ot the corresponding 
Knots so Z characterized. The exons are indicated with boxes and the PI canonical promoter. P> P3 and Pr d,«al promoters are 
hoTn ' xon usage and alternative splicing patterns tor some of the different RN* — s are k « «pj^ 
renresents the transcription start site of the canonical ERn RNA iRN Al .. L'pstream transcription start sites at -1 ) M and at U> I lor 
E s * and espec.ivelv. as well as the splicing acceptor site position a. + lM inside exon 1 are indicated RNA I indicates the 
RNA ^cnpt contaming the E and . upstream evonv The location of the DNA-102 decov molecule, primers emploved ,or the Rl-K R 
experiments and pGHERI probe are also shown. 



times with PBST for 30 mm. Immunoreacuve proteins 
were visualized using ProtoHlot Western Blot AP Systems 
(Promega). 

Electrophoretic mobility shift assay 

RA4 ( - 3190 - 3157) radiolabeled oligonucleotides in- 
side DNA-102 were used as a probe m the incubation 
with nuclear extracts from TES5 and MCF7 cells. To 
prepare nuclear extracts, cultured cells were washed twice 
with PBS and collected with a scraper. The cytoplasmic 
membranes were ruptured mechanically using a Dounce B 
homogemzer. and nuclear proteins were obtained 
essentially as described by Dignam et al. (1983). Protein 
concentration was determined using a Bio-Rad (Hercules, 
CA, USA) protein assay. Nuclear extracts were incubated 
with 01 ng (6000 c.p.m.) labeled probes in 1 < binding 
buffer (10 mM Tns-HCl pH 7-5, 20 mM KC1, 10 mM 
MgCl 2 , 10 mM dithiothreitol, 5 mM EDTA, 0-01% 
Triton" X-100, 0-5% glycerol) containing l-2mg 



polv(dI-dC).poly(dI-dC) (Sigma) for 30 mm at room 
temperature. Specific competitors including unlabeled 
probes and nonspecific competitor (150 bp PCR product 
from pGEX-2TK plasmid) were added at different molar 
excesses. The DNA-protein complexes were separated 
from the uncompleted DNA on 6% polvacrylamide gel in 
0-25 x Tris-borate-EDTA by electrophoresis at 15o volts. 
Gels were dried and then exposed to X-ray tilm. 

Results 

DSA-102 molecule interacts with unclear extracts from 
osteoblasts 

In order to look for nuclear proteins that might bind to the 
DNA-102 sequence to be used as the decoy molecule, we 
tested the RA4 oligonucleotide in the electrophoretic 
mobility' shift assay with nuclear extracts from the TE85 
osteoblastic-hke cell line. This oligonucleotide covers the 
sequence from -3190 to -3157, inside the DNA-102 



i ia\ c»\ mnhilitv shift assav RA4 ( - 3190 ' - 3157) radiolabeled oligonucleotide belonging to the ERa P3 promoter was used as 
S , S w t n dea exacts from TE85 osteosarcoma and MCF7 breast cancer cells. Specific competitors including 
unlabeled probe and nonspecific competitor (150 bp PCR product from pGEX-2TK plasmid, were added a. ditferen, molar excess^ The 
etrded band generated bv specific interaction between oligonucleotides and nuclear factors are arrowed. (B) Photomicrograph of TE8> 
el s treated 1 th the DNA-102 decoy molecule complexed with cationic liposomes ,a). or lett untreated ib. Original magn ication^ 
* 00 <C> Effect of DNA-102 decov on modulation of ERa, ER(3 and osteopon.in (OPN, gene expression, xpression o ERa. ERp, Of N 
and P a tin mRNA was detected bv RT-PCR on total RNA from decoy-treated IT. or untreated <C, TE85 cells. All amplifications were 
compVreTwrth a negative control (primers without RNA) and the levels of ERa and OPN mRNA were normalized against the P -ac,,n 
mR^ conTent using a densitometry analysis. In the case of ERa mRNA. the specificity o, electrophoretic data was confirmed bv 
hvhridiza tio wi" a 'labeled ERa specific probe <pOR15. followed by autoradiography. For ERP mRNA. the specific P^^as 
^cthERP Ogawa Pt a 998. The specific RT-PCR products are arrowed. M, molecular weight marker iHael.l restricted pBRJi 2 DNA 

negative control (Di Determination of ERa and OPN by immunoblo, analysis. Twenty micrograms whole cell extracts from TE8, cells 
treated wth the DNA- 1 02 decov molecule (TE85 T. or untreated -TE85 O were resolved bv SDS-polyacrvlamide ge electrophoresis and 
Iranstred to nitrocellulose filter; blots were probed with ER«-specific monoclonal antibodv and OPN-speci.,c polyclonal an.ibocK 
respectively. MCF7 cellular extracts were used as a control. 
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molecule i<ee Fig. 1 . and it was previously characterized 
the sequence mainly involved m DNA-protem 
interactions iPenolazzi el ai. 2<>n<i:. 

As shown in Fie. -A. two main labeled complexes were 
generated bv the binding ot nucleoprotems to the RA4 
oligonucleotide, with a pattern which was very similar 
to that observed when nuclear extracts trom MO" 
ER-positive breast cancer cells were used. The specific 
DNA-protem complexes were displaced by a 25<>-told 
excess of unlabeled homologous competitor, but not by the 
unlabeled unrelated 15" bp double stranded idsi~DNA, 
demonstrating the specificity of the observed protein- 
DNA interactions. Therefore, these findings suggest that 
the osteoblastic-like cells express nuclear protein(s). that 
are able to bind specifically to the DNA-102 sequence. 

The decoy effect on ^ene expression in the TE85 cell line 

The PGR product DNA-102, including the RA4 oligo- 
nucleotide, was used as decoy molecule because it retains 
a major nuclease resistance compared with the RA4 
oligonucleotide. Transfection experiments were carried 
out in medium not deprived of endogenous estrogenic 
activity, in the presence of DNA-102 complexed with 
PC:DOTAP catiome liposomes (Cortesi ct al 1996). 
Cytotoxic effects were not observed: decoy-treated cells 
showed only slight changes in their morphology (see 
Fig. 2B); in addition, their ability to proliferate, in 
comparison with untreated cells, was only slightly 
decreased (data not shown). 

Reverse transcription-PCR (RT-PCR) analysis was 
then performed in order to investigate whether the decoy 
treatment would affect gene expression in osteoblastic 
cells. Total RNA was isolated from treated and untreated 
cells, transfected in duplicate; subsequently, the same 
amount of RNA was reverse transcribed with random and 
ERa-specific oligonucleotides. The cDNA obtained was 
subjected to the PGR amplification in a first step for ERa 
gene using primers specific for exon 3 and exon 6, and 
then for the osteopontin (OPN) gene, to evaluate the 
effect of decoy DNA-102 on estrogen-related gene ex- 
pression. The cDNA was also amplified with primers 
specific for a gene whose expression is not estrogen 
dependent, such as P-actin. In all the experiments, the 
(3-actin PCR product was used as an internal control m 
order to obtain a semiquantitative comparison of the gene 
expression. A representative experiment is shown in 
Fig. 2C. The levels of PCR product derived from the 
ERa transcript were almost undetectable in the TE85 cell 
line, but when the cells were transfected with the DNA- 
102 decoy molecule, the PCR product was clearly evi- 
dent, as seen from agarose gel analysis and confirmed by 
hybridization with 2 P-labeled pOR15 specific probe. 
Also, in the case of OPN mRNA, decoy treatment 
resulted in a positive effect. The mean values obtained by 
densitometry analysis of the band intensity m different 



RT-PCR experiments, expressed as optical density 
OD. arbitrary units, were < ' 3^ untreated celK 1 43 
treated cells tor ERu. <>P+S untreated cells n S24 treated 
celK tor OPN and 1 \Sln untreated cells P3S3 treated eell, 
tor [Ca^nm By contrast. ERp mRNA was undetectable 
even after DNA-P>2 decov treatment. W hen the cells 
were transfected with an unrelated pLismid 15* 'bp PCp 
product, the expression ot ERa and p-actin genes wa, 
completely unatiected (data not shown:, thus demonstrat- 
ing that the erlect ot DNA-l<)2 decov can be considered 
specific. Therefore, these experiments showed that a 
specific gene expression may be positively regulated bv 
DNA-1U2 decov in the osteoblastic cell line analyzed. 

Next, we analyzed the promoter usage m the TE85 cell 
line and the effect of the decoy on the upstream ERu 
transcripts, but. as expected from the very low level of 
ERa gene transcription, this analysis was not satisfactory . 

An examination ot protein levels ot ERa and osteo- 
pontin by Western blot analysis was then carried out. As 
shown in Fig. 21), these cells were found to express the 
marker of the osteoblast phenotvpe ( OPN) typically in the 
three isororms (61 K 45 and 4<* kDa) and the ERa protein. 
After the decoy treatment, an increase in ERa and OPN 
level was observed. 



The decoy effect on gt'tie expression in human primar)' 
osteoblasts 

Next, we examined the ability of decoy DNA-102 to 
induce ERa gene expression in primary osteoblasts. These 
human bone-derived cells displayed specific osteobla^ 
features such as the expression or high AEP activity that 
increased after l,25-(OH) 2 D^ treatment (Beresdorf et al. 
1986), as shown in Table 1. 

Also, in the case of these cells, the transfection 
experiments were carried out in medium not deprived 
of endogenous estrogenic activity-, with DNA-102 
complexed with PC:DOTAP cationic liposomes. During 
the decoy treatment cytotoxic effects were very' slight, 
as confirmed by the absence of significant cellular 
morphological changes (Fig. 3A). 

The cDNAs obtained from untreated and decoy-treated 
cells were amplified by PCR, first using primers specific 
for exon 3 and exon 6 of the ERa gene to estimate its 
expression as a whole, and then using the appropriate 
primers to distinguish transcription at upstream or at main 
promoters (see Fig. 1 for the localization of the primers). 
When different RNA isoforms of a gene originate from 
upstream exonic sequences and from alternative splicing 
events, such as in the case of the ERa gene, it is possible 
to analyze the level of expression of a single isoform by 
RT-PCR choosing the forward primer inside the specific 
upstream exon used. The primers for the amplification ot 
the only canonical ERa transcript were: the forward FG 
( + 20 +39), inside exon 1 and located upstream of the 
splice site position at +164 that is employed as a splicing 
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Table ph^phat,^ ALP a,:u,u ,kk,! an.it. >i ■ , ,n< 1 ■ <>H _l> . ,tmulat,.n 

tn K .man prina". exprt^rd - L r-.N-n ■ 1- .a:,- are tne 

n>MriN - -o <>: three pa\iil»-l nu-a-urenie'i:- 



Sex 



Age . u , ir , ALP basal ALP 1,23-iOHU), 



Patient no 

1 



Female 
Male 
f-emale 
Female 



h4 

80 



pernor site of the other ER RNA isoforms analyzed; the 
reverse R2 (+^>5 +71S). inside exon 2. The torward 
primers used for the amplification of some possible 
upstream transcripts were: FP. inside exon 1 (keavenev 
j al W"> Piva et J/. and FH, inside exon t 

described bv Flouriot cr (1*W and corresponding to 
exon Hb described bv Thompson er (1997). Rl pnmer 
(+ i 5 l,+^8) localized inside exon 1 ot the ERa gene 
was used as reverse primer. To improve gene expression 
analysis, the levels of type 1 (FG-R2), type 2 3 (FP Rl, 
and'tvpe H (FH Rl) ERa mRNAs were estimated 
bv RT-PCR followed bv specific hybridization with 
upstream pGHERl probe (Ponglikitmongkol et al 1988) 
as shown in Fig. 3B, in which a representative experiment 
corresponding to sample no 1, is illustrated. The levels o 
ERB OPN and ON gene expression were also evaluated 
using specific primers (Fig. 3B). All RT-PCR products 
corresponding to endogenous and decoy-dependent gene 
expression levels of each sample were then subjected to 
densitometry analysis: the results are summarized in Table 
2 as total ERa mRNA expression level, and m Table 3 as 
OPN and ON mRNA levels. 

The highest level of ERa RNA was observed in the cell 
culture obtained from the youngest female patient, sample 
no 1 (aged 65 years) (Table 2 and Fig. 3B). As regards 
promoter usage, the canonic PI promoter was active only 
in sample 1 because only in this P«ient was the E Ka 
mRNA 1 (FG/R2) detected (see Fig. 3B). The P2/P3 and 
PF distal promoters were preferentially used in the osteo- 
blasts from samples 2, 3 and 4 (see Table 2): in these cases 
the ERa mRNA 1 (FG/R2) was not detected, whereas 
the ERa mRNA type 2/3 (FP/R1) and especially the 
ERa mRNA type H (FH/R1) were detected. 

The usage of each specific promoter did not change 
when the ceUs were transfected with DNA-102 decoy 
molecule, suggesting that the ERa gene regulator- 
regions, that are specifically used in bone cells, play a 
critical role in the committed differentiation of osteoblasts. 
After decov treatment, however, the level of ERa gene 
transcription was increased in three of the tour samples 
analyzed. The major increase in transcriptional levels was 
obtained for sample 1, whereas in sample 4, corresponding 
to the osteoblasts of the oldest patient (age 80 years) ERa 
gene transcription seemed to be unaffected by the decoy 
treatment (see Table 2). 
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As far as the expression of markers ot osteoblastic 
differentiation was concerned, the DNA-H'2 decoy 
treatment resulted m a marked increase m OPN RNA 
expression in three of die four cultures (nos 1. 2 and 4). 
md m a slight increase in ON RNA expression levels 
(see Table 3). Bv contrast. ERp mRNA levels were 
undetectable even after decov treatment in all primary 
osteoblast cultures analyzed. 

Discussion 

Manv studies employing Northern blot. RT-PCR and 
immunohistochemical analysis indicate that the level ot 
estrogen receptors in different osteoblastic cells is very low, 
in spite of their beim? highly responsive to estrogens, and 
tint there is a heterogeneity of ERa and ERp expression 
anion* osteoblastic cells (Ikegami et al. 1993, 1994. Rao & 
Murray 20(H), Bord et al 2001. Compston 2001). 

The questions remain as to what level of ERs expression 
is sufficient to sensitize osteoblasts to estrogen and it the 
possibility to modulate ERs gene expression may be a tool 
to stimulate bone formation. Our work is aimed, in 
particular, at identifying a method to induce an increase in 
ERa gene expression in ERa-deficient cells. This should 
confirm that bone-forming osteoblasts, that are physio- 
logical targets for estrogen action, can also be a good target 
for a therapeutic approach aimed at restoring or increasing 
ERa expression. In the study presented here, we have 
shown the positive modulation of ERa mRNA expression 
m the TE85 human osteosarcoma cell line and in three of 
four human primary osteoblastic cells by the transfection ot 
decov molecules (DNA-102) against a sequence of distal 
promoter ( - 3258/ - 3157) of the ERa gene, previously 
described as a silencer in breast cancer cells (Penolazzi et al 
2000). After decoy treatment the strongest increase in 
ERa gene transcription was observed in the TE85 osteo- 
sarcoma cell line. In primary osteoblasts, where the inves- 
tigation of upstream RNA levels was also performed, we 
demonstrated that expression of the ERa gene is mainly 
due to the activity of upstream promoters (P2/P3 and PF), 
in agreement with the observations of other authors 
(Grandien et al. 1995. Flounot et al 1998), and that, atter 
decov treatment, it increased in an appreciable manner. 
Even if the significance of the different ERa RNA 
isoforms and the cooperation of specific transcription 
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Figure 3 (A) Photomicrographs of primary osteoblasts treated with the DNA-102 decoy molecule complexed with cationic liposomes (a), 
or left untreated (b). Original magnification: > 100. <B) Effect of DNA-102 decoy on modulation of ERa, ERp, OPN and osteonectin (ON) 
gene transcription. Osteoblastic cells isolated from osteopenic bone specimens obtained from four patients (3 women aged 65, 78 and 80 
years, samples 1, 3 and 4 respectively; and one man aged 64, sample 2) were transtected with the DNA-102 decoy molecule (T) or were 
untreated (C). RT-PCR products of total ERa mRNA (E3/E6), ERa RNA 1 isoform (FG/R2), ERa RNA 2 and 3 isoforms (FP/R1) and ERa 
RNA H isoform (FH/R1) were separated in 1-8% agarose gel and stained with ethidium bromide. For the analysis of RNA isoforms, RT-PCR 
products were blotted onto nylon membrane and hybridized with the pGHERI specific probe (Ponglikitmongkol et a/. 1988). For ERp 
mRNA, the specific probe used was pSG5-hERp (Ogawa et al. 1998). A representative RT-PCR experiment corresponding to the 
expression of ERa, ERp, OPN and ON mRNA from sample 1 is shown. All amplifications were compared with a negative control (primers 
without RNA), and the levels of ERa, OPN and ON mRNA were normalized against the p-actin mRNA content using a densitometric 
analysis. All RT-PCR products visible on agarose gel or the autoradiographic signals were then subjected to densitometry'. The results are 
summarized in Tables 2 and 3. M, molecular weight marker. 
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factors for their expression awaits further investigation, it is 
likely that the complex promoter organization of ERa 
gene limits the cell species competent for the expression. 



Our data suggest that the sequence extending from 
— 3258 to — 3157 may be considered critical for the lack 
of or decrease in ERa gene transcription in the bone 
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and that when exogenously transacted, could compete 
with endogenous specie negative transcription tactors 
This is also in agreement with the data obtained m breast 
cancer cell lines (Penolazzi ,r al 20(H)) and with the 
concept that the ERa gene promoters are under dirlerent 
controls. 

It is interesting that die decoy-induced positive dut 
could also be observed on the expression ot a bone 
differentiation marker, such as OPN, both m the TE83 
cell line and in primary osteoblasts. By contrast t .he celh 
analvzed remained ER(3 negative after DNA-102 decov 
treatment. Taken together, these results suggest that the 
approach here described may be considered an eftecme 
method to improve the osteoblastic phenotype through a 
mechanism in which ERP does not appear to be involved 
The mechanism bv which DNA-102 decoy brought 
about an increase in or activation of ERa gene expression 
is not clear. However, the fact that this change in 
expression was previously observed also in breast cancer 
cells after the same decoy treatment, suggests that DNA- 
102 decoy mav act through modulation of DNA-protein 
binding or protem-prote.n interactions, stabilizing factors 
or conformation modifiers specific for ERa gene and 
subtracting specific negative transcription factor(s) - n 1 r - 
that bind; the sequence of DNA-102. Therefore, we 
speculate that DNA-102 decoy molecule, through reduc- 
ing the nTF binding to its putative sequence ins.de 
DNA-102 would prevent an inhibitory signaling pathway 
on ERa gene transcription, favoring the positive control ot 
ERa on transcription of target genes and inducing a 
more differentiated bone phenotype. Our experiments 
demonstrating that the promoter usage did I "« ch»gc 
when the cells were transtected with DNA-10. decov 
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molecule strengthen this hypothesis, suggesting that our 
decov approach mav intensity a committed osteoblasuc 

Ph Neverdieless. we cannot exclude the possibility that the 
DN^-K'2 decov is able to induce osteoblastic differentia- 
tion independently of ERs and estrogen and that the 
increase in ERa and OPN expression may be a secondary 
event Therefore, further investigations are required not 
only to quantitatively correlate the level of ERa gene 
transcription with ERu protein levels, but also to 
accurately analyze whether or not the ERa-mediated 
effect on osteoblastic differentiation, which is suggested 
here is ligand dependent. Further investigation regarding 
the correlation between the increase in ERa gene expres- 
sion and improvement in bone mass, in relation to specific 
clinical parameters, is also required to confirm the utility ot 
the decov approach here proposed. This may be of great 
significance for the development of new therapeutic- 
strategies to improve bone mass in bone diseases such as 
postmenopausal osteoporosis which is characterized by a 
low bone mass and an increased risk of fracture (Rizzok 

ct al. 2001). , , . 

It is noteworthy that the study of regulatory mechanisms 
of ERa expression may contribute to a better understand- 
ing of the wide spectrum of effects of estrogen action in the 
bone microenvironment depending on the different ER 
isoforms (Rickard ct al. 1999), the presence of the nvo 
orphan receptors that are closely related to the ERs 
estrogen receptor-related receptors a and P (ERRa and 
ERRP) (Vanacker ct al. 1999), the balance between 
co-activators and co-repressors (Shibata ct al 1997) and 
the type of target DNAs (Rickard ct al 1999). In 
particular, because the interaction between ERa and 
ERB is described (Bord ct al. 2001, Compston 2001), it 
will be interesting to assess the DNA-102 decoy effect 
on osteoblast primary cultures that will express ERp 

^nTddition. although estrogen appears to be the most 
important sex steroid involved in skeletal maturation and 
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mineralization iRao cv Murrav 2' osteoblast prohter- 
ation and dirierentuuon are believed to be regulated b\ 
the combined effect ot a kev number ot growth factors, 
cytokines and hormones that, alternatively, ini^ht mediate 
the effect of the DNA-bO decov molecule. 

In spite ot the tact that there is limited information on 
the intermediate stages of the osteoblast differentiation 
pathway, by analyzing the effects ot* our decov molecule on 
EKu, OPN and ON gene expression in pnmarv cultures 
and ldentitmg regulatory elements that maintain a specific 
bone phenotvpe via ER cell-specific gene expression, we 
can provide valuable information delineating the role of 
specific DNA-protein interactions on regulatory regions 
ot the ERtt gene in osteoblast differentiation 
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ABSTRACT 

We used suppression subtractive hybridization to iden- 
tify highly expressed genes in the cancerous region of human 
renal cell carcinoma (RCC) compared with noncancerous 
tissue. Nine genes were identified to show increased expres- 
sion in the cancerous region compared with the noncancer- 
ous region. The nine genes included thymosin secreted 
protein acidic and rich in cysteine (SPAR Q, Cap43, cerulo- 
plasmin, serum amyloid A, osteopontin, heat shock protein 90 
(HSP90), LOT1, and casein kinase /. Of these 9 genes, in situ 
hybridization with 10 clinical samples consistently showed a 
strong expression of Cap43 mRNA in infiltrating macro- 
phages in RCCs, but not in cancer cells proliferating in an 
alveolar pattern. However, Cap43 mRNA was also appar- 
ently detected in epithelial cells of the renal proximal tubuli 
in noncancerous tissue. The higher expression of the Cap43 
gene in the cancerous region of RCCs appears to depend on 
macrophage infiltration. Moreover, treatment with phorbol 
ester resulted in enhanced expression of the Cap43 gene in 
human monocytic cells in vitro. The expression of the Cap43 
gene in infiltrating macrophages is discussed in association 
with the differentiated or activated status of monocyte/ 
macrophage. 
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INTRODUCTION 

RCC. 3 a common urogenital malignancy, is known as one 
of hypervascular and invasive tumors and often shows resist- 
ance to various chemotherapeutic treatments. Alteration of the 
VHL or TSC tumor suppressor genes and of the MET oncogene 
is thought to be associated w ith the formation of renal tumors 
(1-4). However, how the occurrence and progression of RCCs 
are induced at the molecular level remains unclear, for the most 
part. Moreover, both angiogenic and invasive phenotypes of 
RCC are thought to be associated with production of various 
angiogenic factors including vascular endothelial growth factor 
or basic Fibroblast growth factor and altered expression of 
adhesion molecules and/or metalloproteinases (5-8). The isola- 
tion and determination of highly expressed genes in cancerous 
regions of RCCs are expected to be of particular importance. To 
understand the malignant phenotype of RCCs, various experi- 
mental methods have been established to compare patterns of 
gene expression, including differential display, serial analysis of 
gene expression, cDNA microarray, and SSH. In our present 
study, we isolated nine genes highly expressed in the cancerous 
region of human RCC tissue compared with the noncancerous 
region by SSH (9). Of the nine genes, we further examined the 
expression of one gene named Cap43 in RCCs because in situ 
hybridization with RCC clinical samples consistently showed a 
strong expression of only Cap43 mRNA in infiltrating macro- 
phages. The expression of the Cap43 gene in human RCCs is 
discussed in association with malignant status of RCC and 
infiltrating macrophages. 

MATERIALS AND METHODS 

Samples. Noncancerous and cancerous tissue from the 
same case with a RCC were obtained from a 64-year-old Jap- 
anese male. Resected specimens from 10 cases (age range, 
42-74 years) with RCCs who underwent operations in the 
Department of Urology at Kyusyu University Hospital between 
1997 and 2000 were examined for dot blot analysis and North- 
ern blot analysis. All surgical specimens were snap-frozen im- 
mediately after removal and stored at -80°C. Tumor tissue 
samples were obtained under an institutional review board- 
approved protocol, with subjects providing informed consent. 
Paraffin-embedded sections from 10 RCC cases including the 
above-mentioned 10 cases were obtained to perform in situ 
hybridization for the Cap43 gene. Histological confirmation of 
the diagnosis was obtained in all cases. 



1 The abbreviations used are: RCC. renal cell carcinoma; SSH. suppres- 
sion subtractive hybridization; FBS. fetal bovine serum. PMA. phorbol 
12-mynstate 13-acctate; HSP, heat shock protein: SPARC, secreted 
protein acidic and rich in cysteine: 1 AM. tumor-associated macrophage: 
DIG. digoxigenin. 
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mRNA Isolation, cDNA Synthesis, and SSH. Total 
RNA from cancerous and noncancerous tissue was isolated by 
the guanidium isothiocyanate method. We purified mRNA using 
oligotex beads (Qiagen). cDNA was synthesized using SMART 
PCR cDNA synthesis (Clontech). SSH was performed between 
the noncancerous region (driver) and the cancerous tissue (tes- 
ter) using the PCR select cDNA subtraction kit (Clontech) 
according to the manufacturer's recommendations. 

Cloning and Sequencing of the Subtracted cDNA and 
Reverse Northern Dot Blot Analysis. The products from the 
secondary PCR (subtracted cDNA) were inserted into the 
PCRII-TOPO vector (TOPO TA cloning kit; Invitrogen), and 
ligated DNA was transfected into competent cells with selection 
for ampicillin resistance. One hundred clones were randomly 
selected and added to Luria-Bertani medium with ampicillin and 
grown at 37°C. Each pi as mid DNA was prepared, and both 
strands of the isolated cDNA clones were sequenced using a 
Big-Dye Terminator Cycle Sequencing kit (Applied Biosys- 
tems) and a DNA sequencing system (model 377; Applied 
Biosystems) with M 13 universal primers. For sequence analysis, 
the BLAST program at the National Center for Biotechnology 
Information was used. We designed specific primers for 32 
genes that were identified independently, and a sufficient 
amount of their PCR products was spotted onto a nylon Hy- 
bond-N membrane (Amersham) and hybridized to 32 P-labeled 
cDNA probes from both noncancerous and cancerous tissue. 
Radioactivity was detected using a Fujix Bas 2000 bio-image 
analyzer, and the expression level of each gene was normalized 
to p-actin expression. 

Cell Culture. Human monocytic U937 cells were cul- 
tured in RPMI 1640 supplemented with 10% FBS. These cells 
were incubated in culture medium supplemented with 1% FBS 
for 16 h and treated with or without 10 |xg/ml PMA, 100 ng/ml 
lipopolysaccharide, 1000 IU/ml IFN-a, and 50 ng/ml IFN-7 
for 6 h. 

RNA Dot Blot and Northern Blot Analyses. For dot 

blot analysis, 1 u,g of total RNA obtained from both noncan- 
cerous and cancerous tissue of 10 RCC cases was spotted onto 
a nylon membrane (Hybond N + ; Amersham), respectively. For 
Northern blot analysis, total RNA (10 u,g) was electrophoresed 
on a 1% agarose gel containing 2.2 jxm formaldehyde and 
transferred onto a nylon membrane. Each membrane was cross- 
linked with UV light at 0.25 J/cm 2 with FLUO-LINK (Viler 
Lourmat, Marne-La-Vallee, France). The probes used were frag- 
ments amplified by PCR using specific primers. The primers for 
each gene were as follows: (a) Cap43, coding strand primer 
5'-GCTACAACCCCCTCTTCAAC-3' and non-coding strand 
primer 5 ' -GGGTTC ACGTTG ATAAGG AC-3 ' ; (b) thymosin 
$4, coding strand primer 5'-GCTTCGCTTTTCCTCCGCTA-3' 
and non-coding strand primer 5-CGCACGCCTCATTAC- 
GATTC-3'; (c) SPARC, coding strand primer 5-TCTTTGCCA- 
CAAAGTGCACC-3' and non-coding strand primer 5'- 
CC AGTGT AC AGGG AAG ATG-3 ' ; (d) osteopontin, coding 
strand primer 5'-CAGTCTGATGAGTCTCACCA-3' and non- 
coding strand primer 5'-ATGCACCATTCAACTCCTCG-3'; 
and (e) fi-actin, coding strand primer 5-TCCTGTGGCATC- 
CACGAAAC-3' and non-coding strand primer 5-GAAG- 
C ATTTGCGGTGG ACG A-3 ' . For RNA dot blot and Northern 



blot analysis, the procedure after hybridization was performed 
as described previously (10). 

In Situ Hybridization. Fragments amplified by PCR us- 
ing specific primers of Cap43 were cloned into pCR2.1 (Invitro- 
gen) in two orientations, and DIG-labeled sense and antisense 
RNA probes were synthesized with T7 RNA polymerase using 
a DIG-RNA Labeling Kit (Boehringer Mannheim) according to 
the manufacturer's instructions. The procedure for in situ hy- 
bridization was as described previously (10). 

Immunohistochemistry. Resected specimens of RCCs 
were fixed in 10^c formalin solution, processed routinely, and 
embedded in paraffin. Six-u.m-thick sections were stained im- 
munohistochemically using an avidin-biotinylated peroxidase 
complex method w ith a mouse monoclonal antibody against the 
macrophage marker CD68 (Dako Glostrup, Denmark). The sec- 
tions were counterstained lightly with hematoxylin (10). 

Quantification of Macrophages. In each case, macro- 
phage infiltration was assessed microscopically in the three 
hottest after a brief scan of the entire section at low power, and 
the number of macrophages/microscopic field (X.400 magnifi- 
cation) was recorded (10). 

RESULTS 

Differential Expression of Identified cDNA between the 
Cancerous and Noncancerous Regions in Human RCC. By 

SSH, we isolated clones that were relatively highly expressed in 
the cancerous region compared with the noncancerous region 
from a surgically resected sample of one case with RCC (see 
"Materials and Methods"). One hundred clones inserted into the 
PCRII-TOPO vector were randomly selected, and then they 
were sequenced. Thirty-two genes identified independently 
were further tested by reverse Northern dot blot hybridization. 
Of the 32 genes, the expression of 9 genes was higher in the 
cancerous region than in the noncancerous region of this case 
(Fig. 1). These nine genes included LOT1, HSP90, casein kinase 
/, thymosin p4, serum amyloid A, ceruloplasmin, SPARC, 
Cap43, and osteopontin. The expression level of each gene was 
normalized to p-actin expression. The expression of these nine 
genes was 1.4-4.3-fold higher in the cancerous region than in 
the noncancerous region (Table 1). 

Specificity of Highly Expressed Genes in RCCs. To 
examine whether the nine genes are also highly expressed in the 
cancerous region compared with the noncancerous region in 
other cases with RCCs, RNA dot blot analysis was performed 
with 10 RCC cases. Fig. 2A shows an example of experimental 
data for five genes. Of 10 cases, a higher expression of thymosin 
P4 (8 cases), SPARC (7 cases), Cap43 (6 cases), and cerulo- 
plasmin (6 cases) was seen in the cancerous region as compared 
with the noncancerous region. The expression levels of Cap43, 
thymosin p4, SPARC, ceruloplasmin, serum amyloid A, 
HSP90, and osteopontin mRNA in the cancerous and noncan- 
cerous regions were normalized to p-actin levels in 10 cases 
(Table 2). The expression levels of serum amyloid A, osteopon- 
tin, and HSP90 mRNA appeared to be similar between the 
cancerous and noncancerous regions in 5-6 of 10 cases with 
RCCs (Table 2j. The expression of LOT1 mRNA was not 
observed by dot blot analysis, and the expression of casein 
kinase I appeared at similar levels in the cancerous and noncan- 
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Table I Genes that were highl> expressed in the cancerous region of 
RCC using a BLAST search of the public databases 



LOT1 
HSP90 

casein kinase I 
thymosin p4 
serum amyloid A 
ceruloplasmin 



Genes C:N ratio" Appearance ' 

LOT\ 3.0 1 

HSPW 1.9 1 

Casein kinase I y 3.1 

Thymosin $4 2.1 

Serum amyloid A 2.4 

Ceruloplasmin 1 .4 

SPARC 4.3 

Ca P 43 2.0 

Osteopontin 2.4 

' J The increase in the signal obtained with the cDNA probe from the 
cancerous tissue (C) compared with the cDNA probe from the noncan- 
cerous tissue (N) by reverse Northern dot blot analysis (see Fig. 1). 

b The number of times that the same gene appears in the analysis of 
100 clones. 

' The accession number in the public databases. 



1 



1 



Accession no/ 

U72621 
X15183 
AF049090 
E01650 
NM 000331 
NM 000096 
NM 003118 
AF0O4162 
J(W765 



SPARC 



Cap43 
osteopontin 



m HH p- actin 

Fig. 1 Reverse Northern dot blot analysis for one case with RCC in 
which SSH was performed. Of 32 genes identified by SSH and sequence 
analysis, 9 genes showed altered expression between the noncancerous 
{AO and cancerous region (C) in RCCs. Specific primers of those 32 
genes were designed, and a sufficient amount of those PCR products 
was double-spotted onto a nylon Hybond-N membrane and hybridized 
to 32 P-labeled cDNA probes synthesized using gene-specific primers 
from both the noncancerous and the cancerous tissue. (5- Actin expres- 
sion was the control. Radioactivity was detected and normalized to 
(3-actin expression (see also Table 1 ). 



cerous regions in all 10 cases (data not shown). We further 
examined mRNA levels of Cap43, thymosin (34. and SPARC in 
four cases by Northern blot analysis (Fig. IB). Both dot blot and 
Northern blot analyses consistently showed an increased expres- 
sion of Cap43 in the cancerous region compared with the 
noncancerous region in cases 7 and 8 (Fig. 2, A and B). By 
contrast, the expression of Cap43 was higher in the noncancer- 
ous region than in the cancerous region in cases 6 and 9. Similar 
results were obtained when the expressions of thymosin [34 and 
SPARC were compared between dot blot and Northern blot 
analysis (Fig. 2, A and B). 

Detection of Cap43 mRNA in Infiltrating Macrophages 
of RCC Tissues. We first examined whether these nine genes 
were expressed in cancer cells themselves or in other stroma 
cells in RCCs. The localization of mRNA of these nine genes in 
RCC tissue was assessed by in situ hybridization with each 
antisense RNA probe in two cases. Of the nine genes, we 
observed a positive expression of only the Cap43 gene in 
infiltrating macrophage-like cells in the cancerous regions (data 
not shown). Therefore, we further examined the expression of 
Cap43 mRNA in eight other RCC cases. 



The expression of the Cap43 gene was determined in both 
noncancerous regions and cancerous regions by in situ hybrid- 
ization with an antisense Cap43 RNA probe in 10 RCC cases. 
Fig. 3 shows one example of in situ hybridization. Expression of 
the Cap43 gene was detected mainly in epithelial cells of the 
proximal tubuli (Fig. 3A) in the noncancerous regions of all 10 
cases. In contrast, a positive staining for the Cap43 gene was 
observed only in large and round cells that have a rich cyto- 
plasm, especially near the capsule in the cancerous region of 6 
of 10 cases (Fig. 3C), and not within cancer cells proliferating in 
an alveolar pattern in the cancerous regions (Fig. 3B). Positive 
staining for the Cap43 gene was also found in large, round cells 
scattered within the mass of cancer cells (data not shown). 

In the cancerous regions of RCCs and other human tumors, 
macrophages are often observed in the stroma (11). The appear- 
ance of macrophages was determined by immunostaining with 
anti-CD68 antibody, which is an antibody specific for macro- 
phages. No apparent infiltration of macrophages is observed in 
the noncancerous region of RCCs, whereas many CD68-positive 
cells are observed, mainly near the capsule in the cancerous 
regions. When examined using a series of specimens, most cells 
stained for Cap43 mRNA were also positive for anti-CD68 
antibody (Fig. 3D). We also examined immunostaining with 
anti-CD3 antibody, which is an antibody for T lymphocytes. 
However, the distribution of cells stained for Cap43 mRNA was 
different from that of CD3-positive cells 4 Cells that stained 
positively for Cap43 mRNA in the stroma could be predomi- 
nantly macrophages infiltrating the cancerous regions. 

Cap43 Expression and Macrophage Infiltration in the 
Cancerous Region of RCC Cases. We next examined 
whether expression of the Cap43 gene in the cancerous region 
was correlated with macrophage infiltration. As shown in Fig. 2, 
dot blot analysis in 10 cases demonstrated Cap43 mRNA ex- 
pression at various levels. The correlation between Cap43 
mRNA levels in the cancerous region and average number of 
macrophages infiltrating the cancerous region was assessed. We 



4 A. Nishie and M. Kuwano, unpublished data. 
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Table 2 K\presMon patterns of identified genes between the 
cancerous (O and their noncancerous regions (Ni in 10 RCC cases 



case (C)(N) (C)(N) (C)(N) (C)(N) (C)(N) 
1 



10 




Cap43 thymosin fM SPARC osteopontin p-actin 



B 



case 6_ 7_ 8_ 9_ 

(C)(N)(C)(N)(C)(NKC)(N) 




Fig. 2 A, RNA dot blot analysis of Cap43, thymosin $4, SPARC, and 
osteopontin genes in 10 RCC cases. One u.g of total RNA obtained from 
both noncancerous (AO and cancerous tissue (O of 10 RCC cases was 
spotted onto a nylon membrane. The membrane was hybridized to 
32 P-labeled double-stranded DNA probes produced by the Klenow frag- 
ment, and radioactivity was detected and normalized to p-actin expres- 
sion. B, Northern blot analysis of four RCC cases including cases 6-9. 
Ten u,g of total RNA obtained from both noncancerous (AO and can- 
cerous (O tissue of four RCC cases were transferred onto a nylon 
membrane. The membrane was hybridized to 32 P-labeled double- 
stranded DNA probes produced by the Klenow fragment. The radioac- 
tivity was normalized to each rRNA. 



observed a significant correlation (r = 0.640) between Cap43 
mRNA levels and macrophage infiltration (Fig. 4). 

Up-Regulation of the Cap43 Gene in Human Monocytic 
Cells by a Differentiating Agent. In situ hybridization anal- 
ysis demonstrated an apparent expression of the Cap43 gene in 
macrophages in the cancerous region of six RCC cases exam- 
ined. We further examined whether the expression of the Cap43 
gene was induced in human monocytic cells by various activat- 
ing agents. The expression of Cap43 mRNA was specifically 
increased three times by PMA (Fig. 5), consistent with the 
findings of a previous study (12). No apparent change in Cap43 
mRNA levels was observed using lipopoly saccharide, IFN-a, 
and IFN-7. 

DISCUSSION 

In this study, we showed a number of differentially ex- 
pressed genes in human RCC and described the usefulness of 



Genes 

Thymosin $4 
SPARC 
Ceruropiasrmn 
Cap43 

Serum amyloid A 

Osteopontin 

HSPW 



C = N" 



C < N 



" The number of cases in which each gene is highly expressed in 
the cancerous region compared with the noncancerous region. 

"The number of cases in which each gene is equally expressed 
between the cancerous region and the noncancerous region. 

' The number of cases in which each gene is highly expressed in the 
noncancerous region compared with the cancerous region. 



SSH w ith material obtained from primary cancer tissue. Reverse 
Northern dot blot analysis was performed to reduce the number 
of false positive clones. Nine of 32 genes identified by sequenc- 
ing were highly expressed in the cancerous region compared 
with the noncancerous region in RCC. Sequencing analysis of 
the nine clones showed a high degree of homology with already 
known genes. Of the nine genes, the expressions of SPARC, 
thymosin (34, and ceruloplasmin were higher in the cancerous 
region than in the noncancerous region in more than 6 of 10 
cases when surgically resected specimens were analyzed. 
SPARC, thy mosin (34, and ceruloplasmin genes were reported to 
be closely associated with malignancy or angiogenesis in vari- 
ous kinds of tumors (13-22). 

The Cap43 gene was isolated as a gene induced with nickel 
compounds in human bronchoalveolar epithelial cells using the 
differential display technique (23). This gene expresses a 3.0-kb 
mRNA encoding a 43-kDa protein and has three human homo- 
logues (RTP, Drg-1, and rit42; Ref. 23). The Cap43 protein 
contains a new motif consisting of 10 amino acids repeated three 
times in the COOH terminus (23). The expression of the Cap43 
gene is relatively low in the cancerous region compared with the 
noncancerous region in colon, breast, and prostate cancers (24, 
25). Two studies have shown that Cap43 might be involved in 
growth, differentiation, and metastasis of tumor cells (25, 26). 
Contrary to these previous studies, the expression of Cap43 
mRNA was higher in the cancerous region than in the noncan- 
cerous region in 6 of 10 cases with RCCs. In situ hybridization 
showed that a strong staining for the Cap43 gene was observed 
mainly in the stroma cells, especially near the capsule within the 
cancerous region, and that most of the Cap43 -positive stromal 
cells were macrophages infiltrating the RCCs. Moreover, we 
observed a significant correlation between Cap43 mRNA levels 
and macrophage infiltration in the cancerous region of RCCs 
(Fig. 4). Expression levels of the Cap43 gene in the cancerous 
regions of RCCs thus appear to be due to the number of 
Cap43-positive macrophages. 

Infiltration of TAMs is often observed in RCCs (11). 
Macrophage infiltration is closely associated with angiogenesis 
and malignancy in various human tumor types, such as breast 
cancer, colon cancer, brain tumor, melanoma, and non- 
Hodgkins lymphoma (10, 27-30). Furthermore. TAMs infil- 
trating human breast cancers (27) and malignant melanomas 
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Fig 3 Detection of Cap43 mRNA by in situ hybridization and immunochemical staining for CD68 in RCCs. DlG ; labeled sense andjinUscnse 
RNA probes of Cap43 were synthesized and hybridized to the RCC section of case 7. A shows the noncancerous tissue using an antisense RN A probe. 
S and C show the cancerous tissue using an antisense RNA probe Cap43 mRNA was partially detected in the ep.theha cells of the proximaltubul 
(A). A strong staining for the Cap43 gene was observed particularly in large, round cells with a rich cytoplasm ^specially n ^ e "P^^^ 
not within cancer cells proliferating in an alveolar pattern (B). No significant signal was observed using a sense RNA probe. When the sec ions were 
treated with RNase in the process of washing, the result was the same, alhough the entire signal was reduced. Sections were stained with anti-CD68 
antibody using an avidin-biotinylated peroxidase complex method. D illustrates the result of case 1 No apparent macrophage in f »™ on ^ 
in the noncancerous region, whereas prominent infiltration was observed in the cancerous region especially ^ *^P su! ^ d'*nbution of 
macrophages was almost consistent with that of cells stained for Cap43 mRNA. Magnification: X200. A and ft X 100, C and D. 



(31) showed high expression of thymidine phosphorylase, and 
those cells infiltrating human gliomas showed high expression 
of heme oxygenase- 1 (10). These studies suggested that the 
appearance of thymidine phosphorylase-positive or heme oxy- 
genase- 1 -positive macrophages is somehow associated with ma- 
lignant and/or angiogenic status in the above human tumors. 
Piquemal et al (12) has shown that differentiation of human 
monocytic cells by phorbol ester results in increased expression 
of the Cap43 gene. We also confirmed that monocytic cells 
enhanced expression of the Cap43 gene in response to PMA 
(Fig. 4). Differentiation of monocytic cells thus appeared to 
accompany enhanced expression of the Cap43 gene. The role of 
the Cap43 gene in macrophages remains unclear, but this gene 
is expected to be a marker of mature form during differentiation 
of the mononuclear phagocyte system and also of TAMs. From 
our present study, the appearance of Cap43-positive macro- 
phages might have an important role in the malignant or angio- 
genic status of RCCs. Further study is needed to investigate the 
biological role of the Cap43 gene in macrophages. 

The expression of the Cap43 gene was not observed in 
renal cancer cells themselves, whereas it was positively detected 
in epithelial cells of the proximal tubuli in the noncancerous 
region of all 10 cases (Fig. 3. A and B). Considering the fact that 
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0 <K5 1 1-5 2 2J 3 

Cap43 expression index 

Fig. 4 Correlation between expression of Cap43 mRNA and macro- 
phage infiltration. Cap43 mRNA levels in the cancerous region are 
based on the data in Fig. 2. Macrophage counts in the cancerous region 
were assessed microscopical!) in the three, and the average number of 
macrophages/microscopic field (X400 magnification) was recorded. 
Expression of Caf>4? mRNA was closely correlated with macrophage 
infiltration in 10 RCC cases. 
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Cap43 



-28S 



Fi* 5 Induction of Cap43 mRNA by stimulation with PMA. Human 
mvelomonocvtic cells were incubated in the culture medium with * 
FBS for 16 h and treated with or without 10 |xg/ml PMA, 100 ng/ml 
lipopolvsaccharidc. 1000 IU/ml IFN-a, and 50 ng/ml IFN-7 for 6 h. Ten 
ll e of total RNA obtained from treated cells were isolated and subjected 
to Northern blot analysis. The expression of Cap43 mRNA was in- 
creased 3-fold by stimulation with PMA. 



RCCs originate from epithelial cells of the proximal tubuli, 
expression of the Cap43 gene might disappear when malignant 
phenotypes are acquired in human RCCs. This study has also 
shown that Cap43 might be involved in growth and cell differ- 
entiation in RCCs as well as colon, breast, and prostate cancers 

(25 ' 26) ' u u- M 

In conclusion, we isolated nine genes that were highly 

expressed in the cancerous region of RCC compared with non- 
cancerous tissue. Of these nine genes, one gene named Cap43 
appeared to be somehow associated with the malignant charac- 
teristics of cancer cells because the Cap43 gene was expressed 
in normal epithelial cells of the proximal tubuli but not in renal 
cancer cells. Moreover, Cap43 mRNA was highly expressed in 
infiltrating macrophages in the cancerous region of RCCs, sug- 
gesting that Cap43 is a novel biochemical marker for differen- 
tiation of renal cells or monocytes/macrophages. The expression 
of the Cap43 gene in the cancerous region of RCCs could reflect 
macrophage infiltration. Further study is required to understand 
how the expression of the Cap43 gene in infiltrating macro- 
phages could be associated with the acquisition of malignant 
phenotypes of RCC. 
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malignant behavior both m vitro and vivo, h utro. the cell growth curve analysis 
indicated that the cells transfected with NCAM had a slow growth rate than the 
parenta' cells. The cell cycle analysis with flow cytometer showed that the NCAM 
transfected cells had a less populate m S phase than its counterparts (32.5% 
v s. 40.5%). In addition, the rate of PCNA positive staining in NCAM positive cells 
was lower than control (63.4% v.s. 98.1 %). Furthermore, the invasiveness of cells 
was analyzed with Boyden chamber assay. The results showed that the numbers 
of NCAM positive cells penetrated through a matrigel-coated filter were less than 
that of the parental cells (mean cell number 103 v.s. 223k which could be blocked 
by monoclonal anti-NCAM. When intracerebral^ inoculated the cells, while the 
tumor incidence of parental cells was 76.9% with a large size of tumors, the 
NCAM transfectants was 31.3% with small tumors Taken together, the NCAM 
could inhibit the growth and invasion of malignant glioma cells 

#3964 Prostate- specific gene expression and androgen regulation of len- 
tiviral vectors containing elements of the probasin promoter. Duan Yu, Paul 
S Rennie. Martin E. Gleave. Colleen C. Nelson, and William W. Jia. The Prostate 
Center at Vancouver General Hospital and the Department of Surgery, University 
of British Columbia, Vancouver, BC, Canada. 

The concept of using a tissue-specific promoter to express exogenous thera- 
peutic genes in prostate cancers offers an attractive way of potentially targeting 
locally advanced and metastatic tumors for eradication or control. In addition to 
a prostate-specific promoter, targeted gene therapy for prostate cancer requires 
the development of a suitable gene delivery system. In the present study, we 
investigated the prostate-specific expression and androgen regulation of three 
probasin promoter (PB} constructs (kindly provided by Dr. R.J. Matusik) linked to 
the enhanced green fluorescent protein reporter (EGFP) and inserted into a 
human immunodeficiency virus (HIV-1) derived lent.viral (Lt) vector, which is able 
to infect efficiently and to express exogenous transcripts in both divided and 
non-divided cells The lentiviral-PB promoter/reporter vectors Lt-(-426/ + 28)PB- 
EFGP, Lt-(-286/ + 28)PB-EGFP, and Lt-ARR 2 PB (essentially a dimer of -286/+ 28)- 
EGFp! together with a control lentiviral-CMV promoter/reporter (Lt-CMV-EGFP), 
were constructed and tested for relative EGFP expression after infection in vitro 
of human prostate cancer cell lines (LNCaP, PC-3, and Du145 cells} and non- 
prostate lines (Cos-1, HeLa, and MCF-7 cells). Although high EGFP expression 
was seen at near equivalent levels in both prostate and non-prostate cells 
infected with control Lt-CMV-EGFP, with the PB lentiviral vectors EGFP expres- 
sion was only observed in LNCaP cells with a small amount seen in PC-3 cells. 
The expression level of EFGP in cells infected with Lt-ARR 2 PB-EGFP was the 
highest among the three PB promoter constructs tested. In LNCaP cells growing 
in charcoal-stripped media, a maximal 5-fold increase in EGFP expression was 
seen between 16-24 hours after treatment with androgen (10 nM DHT). The 
intensity of EGFP expression in these cells declined by 50% after 4 days of 
androgen withdrawal. Approximately 3-times more LNCaP cells expressed EGFP 
than did PC-3 cells and the mean intensity in LNCaP cells was about 6-fold 
greater. Transfection of androgen receptor expression vectors and treatment with 
androgens (10nM DHT) raised the intensity of EGFP expression in LNCaP and 
PC-3 cells but did not alter expression levels in the other non -prostate cell lines 
tested. Our results indicate that lentiviral vectors containing elements of the PB 
promoter can express an exogenous reporter gene in a prostate- specific and 
androgen-regulated manner and therefore may be excellent tools for targeted 
gene therapy of prostate cancer. (Supported by grants from the Terry Fox Foun- 
dation and NCI of Canada). 

#3965 Gene transfer studies using the synthetic polyamide Syn3 to en- 
hance intravesical adenoviral gene transfer in the urothelium and superficial 
bladder tumor independent of CAR expression. Charles J Rosser, Robert J. 
Connor, Jain-Hua Zhou, Bogdan Czerniak, Xinqiao Zhang, Heidrun Engler, Mo- 
toyoshi Tanaka, Li Dong, Colin P. N. Dinney, H. Barton Grossman, Douglas 
Cromeens, Clifton Stephens, Daniel Maneval, and William F Benedict. UT MD 
Anderson Cancer Center, Houston, TX, and Canji. Inc., San Diego, CA. 

Adenovirus-mediated gene therapy of bladder diseases has been limited by the 
inability to efficiently transduce the urothelium. We have demonstrated that the 
addition of the polyamide, Syn3, to the adenoviral formulation can potently en- 
hance adenoviral transgene expression in the urothelium (Connor et al., Gene 
Therapy 8: 41-48, 2001). We have expanded these initial studies to optimize gene 
transfer and expression using an orthotopic tumor model, as well as to study 
Syn3-rAd transgene expression in the urothelium of large animals. We have 
shown in rodents that 1h administration of rAd-/3-gal in Syn3 (1 mg/ml) on 2 
consecutive days provides more complete gene transfer and higher levels of 
expression compared to a single administration of rAd-/3-gal-Syn3 at 1 mg/ml. 
We have also examined the ability of Syn3 to enhance adenoviral gene expression 
in a non-rodent species. Administration of an rAd-0-gaJ (1.2 x 10 11 PN/ml) in a 
Syn3 formulation (1 mg/ml) yielded high levels of adenoviral transgene expression 
in the urothelium of the Yorkshire pig. Thus, it is anticipated that Syn3 will 
enhance adenoviral transgene expression in a variety of species, including hu- 
mans We also tested Syn3 in an orthotopic tumor model we recently developed 
(Watanabe et al., Human Gene Therapy 7: 1575-80. 2000) Using this mouse 
model, we demonstrate that two consecutive 1h administrations of rAd-0-gal in a 
Syn3 formulation resulted in complete transduction of the superficial tumor and 
the entire urothelium. We have also determined that Syn3 can potently increase 
gene transfer and expression to superficial bladder tumors (T24) that express little 



or no CAR (Coxsackie-Adenovirus Receptori. Since low CAR expression ^ 
superficial bladder tumors has been postulated to limit the success of adenoviral 
gene therapy. Syn3 may alleviate this barrier to successful gene transfer. To d a t e 
little or no cytotoxicity has been observed in the bladders or other organs 
examined from mice. rats, rabbits, dogs and pigs Blood chemistries from treated 
animals were also m the normal range following Syn3-rAd treatment. Therefore, rt 
is anticipated that Syn3 will be a viable formulation enhancing agent to potentiate 
the use of adenoviral vectors for the treatment of superficial bladder cancer. 

#3966 Delivery of bioactive ribozymes by an RNA-stabilizing poiyethyl- 
enimine (PEI) efficiently down -regulates gene expression in vitro and in vivo. 

Achim Michael Aigner, Dagmar Fischer, Thomas Merdan, Carola Brus. Thomas 
Kissel, and Frank Czubayko. Department of Pharmacology, Philipps-Umversity, 
Marburg. Germany, and Department of Pharmaceutics and Biopharmacy, Ph,/- 
ipps-Umversitv. Marburg, Germany. 

The sequence-specific cleavage of RNA molecules through nbozy me -targeting 
is particularly attractive since it allows the effective abrogation of the expression 
of any selected protein. Therefore, ribozymes represent potentially interesting 
therapeutic agents in tumor therapy and offer powerful strategies in proteomtcs/ 
target validation applications to analyse the functions of potential genes of 
interest, e.g. in tumor biology. So far, however, use of enzymatically active RNA 
molecules like hammerhead ribozymes has without chemical modification been 
severely hampered by ribozyme instability and poor cellular uptake. Here, we 
present a method for protection and cellular delivery of bioactive ribozymes by 
complexation with a low molecular weight polyethylenimine (PEI). Polyethyten- 
imines are synthetic branched polymers with high cationic charge density which 
form non-covalent complexes with nucleic acids and have been used as DNA 
transfection reagents. We show that low molecular weight polyethylenimines 
allow complete stabilization of ribozymes or any RNA against degradation. Upon 
their highly efficient cellular uptake, non-toxic PEI-complexed ribozymes display 
intracellular bioactivity already at low concentrations as demonstrated by down- 
regulation of two different genes in different cell lines. In particular, we describe 
a ~ 60 % depletion of an FGF-binding protein (FGF-BP) which has been de- 
scribed previously as rate-limiting for tumor growth and metastasis in squamous 
cell carcinomas and serves as an "angiogenic switch molecule". Likewise, the 
growth factor pleiotrophin (PTN) which is overexpressed in several tumors and 
which can be rate-limiting for tumor growth and angiogenesis, is efficiently 
downregulated in tissue culture upon targeting with PEI-complexed PTN ri- 
bozymes. Most strikingly, in vivo delivery of PEI-complexed ribozymes against 
PTN results in marked reduction of tumor growth and of intratumoral PTN levels 
in a mouse xenograft model. Thus, in this study we describe a novel, widely 
applicable method for exogenous delivery of any bioactive RNA ribozyme in vitro 
and in vivo without chemical modification. 

#3967 Visualization of prostate cancer metastasis in living mice by a 
targeted gene transfer vector and optical imaging. Lily Wu, Jason Yeates 
Adams, Makoto Sato, Mai Johnson, Frank Berger, Sam Gambhir, Michael Carey, 
and Luisa Iruela-Arispe. UCLA School of Medicine, Los Angeles, CA. 

Gene therapy represents a potential alternative or adjuvant to existing strate- 
gies in the treatment of advanced, androgen-independent (Al) prostate cancer. 
Non-invasive imaging modalities and transcriptional targeting have emerged as 
two tools to facilitate the rational design and improve upon the safety of vector- 
based cancer gene therapy. Here we demonstrate, for the first time, the ability to 
identify metastases in a human prostate cancer model, employing a prostate- 
specific adenovirus vector {AdPSE-BC-luc) and a charge coupled device (CCD) 
optical imaging system. We monitored the location, magnitude, and kinetics of 
luciferase expression in xenograft models of both androgen-dependent (AD) and 
androgen-independent (Al) prostate cancer. AdPSE-BC-luc, which expresses 
luciferase from an enhanced prostate specific PSA promoter, restricted expres- 
sion in the liver and displayed 200,000-fold lower activity compared to constitu- 
tive AdCMV-luc after systemic tail-vein injection. On the other hand, intra-tumorai 
administrated AdPSE-BC-luc mediated relative robust signal in LAPC-4 and 
LAPC-9 human prostate cancer xenografts. Moreover, the expression is 9-fold 
higher in the advanced stage of Al than in AD LAPC-4 tumors. The elevated 
luciferase expression pattern paralleled the respective endogenous PSA expres- 
sion pattern in LAPC-4 tumors. Repetitive imaging over a 3-week penod after 
intra-tumoral injection of 1 .8x1 0exp9 AdPSE-BC-luc revealed that the virus could 
locate and illuminate metastases in the lung and spine. Follow-up analysis o 
these lesions by histology and immunohistochemisty confirmed they were human 
neoplastic lesions. These results demonstrate the targeting ability of the prostate- 
specific vector and the utility of a non-invasive imaging modality in therapeutic 
and diagnostic strategies to manage prostate cancer. 

#3968 A novel tissue -specific and tumor- restrictive human osteonectin 
promoter-mediated gene therapy for treatment of androgen -independen 
human prostate cancer. Chia-Ling Hsieh, Haiyen E. Zhau, and Leland W. - 
Chung. Department of Urology, Molecular Urology and Therapeutic Program. 
Emory University School of Medicine, Atlanta. GA. 

Stromal-epithelial interaction is important for the control of local prostate tu 
growth and its distant metastasis. One approach to prostate cancer metastasis 
the development of an effective gene therapy strategy for the delivery an 
expression of therapeutic genes specifically at the tumor site, with expressi 
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both r. tumor eprthelium and adjacent stroma. We evaluated a number of pro- 
moter that regulate non-coilagenous bone matrix proteins tor their potential to 
drive the expression of therapeutic genes m tumors wrthout affecting adjacent 
normal tissues. In this cornmurwcabon, we demonstrated that human osteonectin 
(hON) mRNA, detected by RT-PCR, was expressed in prostate cancer cell lines 
and tumor specimens. hON protein was ateo found to be expressed by human 
prostate tumor epithelium and its surrounding prostate and bone stromal cells as 
evaluated by immunohistochemistry. To achieve effective transgene delivery 
co-targeting tumor and stroma, w»Qenerated a highly active 580 bp hON pro- 
moter (522E) containing only positive transcriptional regulatory elements defined 
from both the promoter (bp 1 66 to 1 30 and bp 120 to 50) and exon 1 (bp +40 to 
+62) region of the hON gene. DNasel footprint analysis demonstrated abundant 
transcriptional factors in the osteoblastic ce« line MG63 and m arxirogen -inde- 
pendent and metastatic human prostate cancer cell lines with the propensity to 
metastasize to the skeleton, such as PC3M, but not in androgen -dependent 
LNCaP cells specifically bound on this exonic enhancer. When cells were infected 
with Ad-522E-TK, TK was expressed at high levels in androgen-independent and 
metastatic human prostate cancer cell lines erf the DU145 and PC3 lineages, but 
tower hON activity was detected in the androgen -dependent LNCaP cells. In 
addition, Ad-522E-TK was also found to abolish the growth of PC3M and MG-63 
in vitro and eliminate the growth of established PC3M tumors in vivo upon the 
addition of GCV. Because of the heterogeneity of human prostate tumors, the 
hON promoter (522E) may be a useful adjunct to other tissue- specific ' and 
tumor-restrictive promoters to dnve therapeutic genes for the treatment of local- 
ized and metastatic prostate cancers. 



#3969 Pro-apoptotic and anti-tumor activities of adenovirus- mediated 
p202 gene transfer. Duen-Hwa Yan, Yi Dtng, Yong Wen. Bill Spohn. Li Wang, 
Weiya Xia. Ka Yin Kwong, Ruping Shao. Zheng Li. Gabnel Hortobagyi, and 
Mien-Chie Hung. M. D. Anderson Cancer Center. Houston, TX. 

p202, an interferon -inducible protein, is a member of the murine 200-amtno 
acid repeat family. Ectopic expression of p202 in human breast cancer cells 
resulted in growth inhibition and sensitization to TNF-a-induced apoptosis. In this 
report, we used an adenovirus- mediated gene delivery system to express the 
p202 gene (Ad-p202) in the MDA-MB-468 breast cancer cell line and found that 
Ad-p202 infection induces growth inhibition as well as sensitizes the otherwise 
resistant cells to TNF-a-induced apoptosis. Importantly, we demonstrated that 
£d-p202 infection alone induces apoptosis. and that requires the activation of 
|CBspase-3 for full apoptobc effect Rjrthermore, we showed the efficacy of 
p202 treatment in both breast and pancreatic cancer xenograft models, and 
: anti-tumor effect correlated well with p£02 protein expression and enhanced 
ptosis in tumors. Taken together, our results suggest that Ad-p202 is a potent 
^owm-suppressing, pro-apoptotic agent that not only provides a useful tool to 
Awrestigate the function of p202, but also can be developed into a therapeutic 
fcgent in human cancer gene therapy treatment. 



#3970 Icodextrin solution Improves adenovirus mediated therapy In in- 
traperitoneal cancer models. Heidrun Engfer, Shu Fen Wen, Todd Machemer, 
Wice E. Harper, Dan Maneval, and Susan E. Conroy. Canji, tnc, San Diego CA 
and ML Laboratories PLC, St Aibans, UK. 
c Intraperitoneal (IP) delivery of adenovirus- based therapies is underway for the 
treatment of ovarian cancer. These therapies may be improved by formulations 
designed to optimize peritoneal distribution and reduce adhesions. Our objective 
was to evaluate an icodextrin solution, determining efficacy of adenovirus- medi- 
ated therapies delivered into the peritoneal cavity. In solution, icodextrin (an alpha 
■1-4 linked glucose polymer) exhibits prolonged peritoneal cavity residence times 
ti man and, in an animal model, prevents adhesions resulting from IP bleomycin 
-or adriamycin chemotherapy. Tumors were established in female nude mice by 
Ejecting PC-3 cells (human prostate) or MDA-H2774 cells {human ovarian cancer) 
Therapy consisted either of a replication deficient adenovirus carrying the p53 
Jumor suppressor gene (rAd-p53), or an oncolytic conditionally replication com- 
petent adenovirus (01/PEME). To compare the impact of the vehicle on intraper- 
,neal delivery, viruses were formulated in an icodextrin solution or in PBS. 
limaJs received four treatments, twice weekly of rAd-p53 {1E10 particles/dose), 
W1/PEME (5E7 particles/dose), or appropriate controls. rAd-p53 treatment was 
nine days (PC-3 model) or two days (2774 model) after cell injection; 
/PEME-treatment (2774 model) was started seven days after cell injection. After 
treatment, mice were caged randomly and monitored daily for body weight loss 
-3) or ascites (2774). Moribund animals were sacrificed and survival was 
tted on a Kapian Meier survival curve. rAd-p53 treatment in both cancer 
els resulted in prolonged survival (p<0.05) versus controls with the icodextnn 
ulation. Enhanced effects of the icodextrin formulation were also observed 
i 01/PEME. With the 01/PEME virus, mean survival was 28.5 days {vehicle 
fy). 41 days (01/PEME in PBS), >80 days (01/PEME in icodextnn). These 
tndmgs suggest that an icodextrin formulation can improve intraperitoneal deliv- 
ery of therapeutic replication deficient and replication competent adenoviruses, 
resulting in prolonged survival in two different intraperitoneal models of human 
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#3971 Selective expression of the GFP-TRAJL fusion gene deftvered by an 
adenoviral vector induces apoptosis in human breast cancer eels and hopa- 

tocarcinoma ceils. Tongyu Un, Jian Gu, Lidong Zhang, Xuefeng Huang, Yinhua 
Yu, Steven A. Curiey. Kelly K. Hunt, and Bmgliang Fang. M.D. Anderson Cancer 
Canter, Houston, DC 

Direct tonefer of the human tumor necrosis factor related apoptosis- inducing 
iigand (TRAIL) gene or the green fluorescent protein (GFPyTRAJL fusion gene can 
induce apoptosis and the apoptofic bystander effect m vanous human cancer 
cells. However, expression of membrane- bound TRAIL from the fun-length coding 
sequence of the TRAIL gene may cause toxtc effects in some susceptible normal 
celts. On the other hand, the human tetomerase reverse transcriptase (hTERT) 
promoter is actrve in most malignant cells but silent in normal somatic tissues 
Therefore, expression of the TRAIL gene from the hTERT promoter may have both 
the TRAIL genes therapeutic efficacy and the hTERT promoters target specrficrty. 
To understand the therapeutic value of the TRAIL gene expressed from the hTERT 
promoter, we recently constructed an adenoviral vector expressing GFP-TRAJL 
fusion protein and driven by the hTERT promoter (Ad/gTRAlL). Transgene expres- 
sion and apoptosis induction were then tested in a variety of human breast cancer 
cell lines and human hepatocellular carcinoma cell lines. Our results showed that 
treatment with Ad/gTRAlL elicited high levels of transgene expression and apo- 
ptosis in malignant breast cells and in hepatoma cells but not in normal human 
mammary cells. Furthermore, both adryamycm- sensitive and -resistant MB-231 
breast cancer cells are sensitive to the treatment of Ad/gTRAIL These results 
suggest that the adenovirus encoding the GFP/TRAIL gene dnven by the hTERT 
promoter has potential application in cancer therapy. 

#3972 Biological and immunological properties of helper dependent ad- 
enovirus (HD-Adv) when used to transduce dendritic cells. Airi Harui. Sylvia M. 
Kiertscher, Qingwen Cheng, Michael D. Roth, Kohnosuke Mitani, and Saroj K. 
Basak. University of California Los Angeles. Los Angeles. CA. 

Replication deficient adenovirus (AdVI is an attractive vector system for deliv- 
ering genes for immunotherapy. Two main replication deficient AdV systems. 
FG-Ad virus (E-1/E-3 lacking, first generation) and HD-AdV (fully deleted/gutted 
helper dependent AdV) have been developed for gene therapy. The FG-AdV still 
expresses viral genes capable of stimulating immune responses and contributing 
to the rapid clearance of virus -infected cells from the host. The second generation 
HD-AdV lacks all viral genes and has been reported to produce long-term gene 
expression in animal models. Other than this, there is limited information about 
the effective use of HD-AdV for gene therapy or the nature of its interaction with 
host immunity. One of the best approaches for inducing immunity hast been to 
vaccinate with antigen-presenting dendritic celts (DC) that have been transduced 
with AdV in order to express a target antigen- In this report, we examine both the 
biological and Immunological properties of FG-AdV and HD-AdV when used to 
transduce DC for genetic immunotherapy. Using an in vitro model, we found that 
both FG-AdV and HD-AdV can be used to express transgenes in human and 
mouse DC, but that expression is 10 to 100 fold higher following infection with 
HD-AdV. Both vectors exhibit similar transduction efficiencies, with enhanced 
expression in HD-ADV-transduced cells resulting from higher levels of transgene- 
specrfic mRNA. We further observed that transduction of DC with a combination 
of HD-AdV and FG-AdV resulted in a synergistic enhancement of transgene 
expression. This enhancement was knocked -out by UV -irradiation of the FG-AdV, 
indicating that gene products synthesized by the FG-AdV work in trans to drive 
expression from the HD-AdV transgene. When these AdV were tested for their 
ability to induce cell mediated immune responses in vitro, DC transduced with 
either the HD-AdV alone, the FG-AdV alone, or the combination of FG-AdV/HD- 
AdV, stimulated the proliferation of AdV-specific and nonspecific T cells to the 
same degree. UV irradiation had no effect on the immune response, suggesting 
that it was directed pnmarily against the preformed viral capsid. These features 
suggest that HD-AdV, or the combination of HD-AdV/FG-ADV, might provide 
valuable tools for obtaining high level of transgene expression in DC, but might 
still elicit anti-viral (capsid) immunity. The study was supported by grants from the 
Tobacco-Related Research Program of California (# 1 0KT-O086) and the Ameri- 
can Lung Association of California to SKB. 

#3973 The therapeutic effect of double-mutated adenovirus, AxdAdB-3, 
targeting abnormal genetic pathways in pancreatic cancer. Hisashi Abe. 
Fuyuhiko Motoi, Makoto Sunamura, Shinichi Egawa. Kazunori Takeda, Hirofumi 
Hamada, and Seiki Matsuno. Tohoku University, Sendai City, Japan, and Sapporo 
Medical University, Sapporo, Japan. 

(Aim and Background) Pancreatic cancer has genetic abnormalities frequently 
including p53. p16/MTSl and SMAD4. A replication -selective adenovirus (RSA) 
that preferentially destroys cancer cells was first described in 1996. This adeno- 
virus lacking E1B55K can replicate selectively in tumor cells without p53 normal 
function and kills cells. An adenoviral E1A protein binds to RB to force the 
quiescent cell into S-phase. Many cancers have the mutations of RB/E2F/p16 
pathway, leading the loss of control in cell cycle. It is also reported that the 
adenovirus with a mutation of E1A incapable of binding to RB replicates in the 
tumor cells with an unregulated cell cycle, but cannot replicate in normal cells 
possessing tightly regulation m celi cycle. We constructed a double-mutated RSA 
(AxdAdB-3) that has a mutation in RB-bmdmg motif and a deletion of E1 B55K and 
evaluate its therapeutic effect on pancreatic cancers. (Method) We used 8 pan- 
creatic cancer cell lines and human fibroblast cell. 1 1 In vitro cylopathic effect was 
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212.17 

Genotoxk effects of industrial wastewater effluents to Vkia fab* 

Babu P Patlolla 1 Amu K Patlolla 1 . Balwant S Sekhort "Alcorn Suit University 1000 ASL" 
Dr 9 g-o. Akorn State MS : J»ckson Stale Iruversii, 1400 JR Lynch Street. Jackson. 

ms i " 

In this stud) the effect of benzene sodium dichromate. and di^hk>rumclhai»c which arc 
considered to be the industrial pnont> pollutants iRank and Sicken. IW4j. on the geneue 
endpo.rrts uere determined Vicia faba (Broad beam seedlings were treated with the chenucal 
in a randomized block design wuh four replications T*o concentrations for each of the test 
chemicals were selected 100 uM and 1000 uM of benzene. 50 uM and 250 uM of sodium 
dichromate, and 175 uM and 1750 uM of dichloromcthane were used as concentrations 
Lateral root* were treated with test chemicals for two hours in the dark The seedlings were 
then transferred into distilled water for 24 hours recover, period Root up* were harvested 
after two hours treatment with 0 .05* colchicine. Root up squashes were stained with feulgen 
stain and data was collected for mitotic index and chromosomal aberrations Results showed a 
significant decrease in the mitotic index and increase in chromosomal aberrations with all the 
test chemicals when compared with control The decrease in mitotic index and increase in 
chromosomal aberrations were dose dependent. (Supported by Department of Education grant 
#PO3lB44000-95; 



212.18 

Effects of Tyrosine Hydroxylase Inhibition and One Mutations I pon Locomotor 
Activity in Orvsophda : A Stud) in Functional (ienomics 

Robert G. Pendleton Aserl Rashccd. Thomas Sardina Ralph Hillman Temple Ini-ersnv 
Philadelphia. PA Wl" 

The brain of the adult fruit fly. Drowpnuj mcLim-gasier contains tyrosine hydroxylase, the 
rate Limiting enzyme required for catecholamine biosynthesis As a „onseque»ce 
catecholamines, pnncipall;. dopamine are also present We ha^e found thai pharmacological 
inhibition of tyrosine hydroxylase with u rtKthy l-p-iyrosine results in a dose related inhibition 
of locomotor actmty in adutt organisms Similar results were found with reserpine. a well 
known inhibitor of catecholamine uptake into storage granules, and could be preyented in 
each case b> the concomitant admimstraUon of L-DOPA The single copy gene coding for 
tyrosine hydroxylase in Drosophila is paU <ple> Both null and temperature sensitise loss of 
function mutant alleles of pale are known which are recessive embryonic ieihab Null mutant 
heterozygous flies have normal locomotor activity demonstrating that only a single dose of 
the wild type form of this gene is required to support norma! function. Both hemizygous and 
homozygous temperature sensitiye pale mutants \ple a ) also show normal locomotor activity 
at the permissive temperature for this mutant allele 1 18°Cj which progressiyely declines as 
the temperature is increased to its restneaye leyel (29X1 These abnormal locomotor effects 
were preventable by L-DOPA Thus the effects on locomotor activity resulting from the 
pharmacological inhibition of catecholamine synthesis or storage art the same as those 
resulting from lack of tyrosine hydroxylase expression These findings indicate that brain 
catecholamine loss decreases locomotor activity in the fly as it does in mammals They also 
demonstrate the ability of functional genomic studies to mimic that of prurmacologicaJ 
inhibition of enzyme function or other similar processes 



PROSTATE CANCER (214.1-214.4) 



214.1 

DIFFERENTIAL EXPRESSION OF HEPATOCYTE GROWTH FACTOR AND C- 
MET IN PROSTATE CANCER AMOUNT CAUCASIAN AMERICAN VS. AFRICAN 
AMERICAN PATIENTS 

Sharon Collins PresoeU. Kristen Borchert, Chris Gregory . Susan Maygarden, Gary Smith, 
James Mohler: University of North Carolina, CB#7525, BBB, Chapel Hill. NC 27599-7525 
African-American (AA) men arc 2-3 times more likely to die from prostate cancer (CaP) than 
Caucasian- American (CA) men, and epidemiological studies have shown that AA males with 
non-organ-confined CaP have higher PSA levels and a higher incidence of recurrence than 
CA males with non-organ -confined CaP. We evaluated expression of Hepatocyte Growth 
Factor (HGF), its' receptor (c-Met). and Androgen Receptor (AR) in prostate cancer 
specimens collected from 10 AA and 10 CA CaP patients at the time of prostatectomy. All 
androgen-dependent (AD) specimens were Gleason score 6-7, and all androgen-independent 
(Al) specimens were Gleason score 8-10. In the AD specimens, there wis a 4-fold increase in 
expression of c-Mct protein in AA compared to CA patients, while expression of HGF and 
AR was not significantly different. The Al samples from AA patients (iemoristrated a 6-fold 
increase in c-Met and HGF in comparison to Al samples from CA patients, while AR 
expression was comparable between the two groups. Immunohislochemical analysis of the 
specimens demonstrated that c-Met expression was greater in the prostate epithelial cells from 
AA vs. CA. even in benign glands with no evidence of neoplasia. These data suggest that 
prostatic c-Met expression is higher in AA males than CA males, and that androgen- 
independent CaP arising in AA males is more likely to overexpress HGF as well. Given the 
established association of HGF and c-Met with the progression of CaP, these results provide 
new insight into potential mechanisms of racial bias in prostate cancer. 



214.2 

INCREASED EXPRESSION OF HEPATOCYTE GROWTH FACTOR, C-MET, AND 
ANDROGEN RECEPTOR IS ASSOCIATED WITH THE TRANSITION FROM 
ANDROGEN-DEPENDENT TO ANDROGEN-INDEPENDENT PROSTATE 
CANCER 

Sharon Collins PresoeU, Knsten Borchert, Chris Gregory, Susan Maygaiden, James Mohler. 
University of North Carolina. CB#7525 Bnnlchous-BuUitt Bidg., Chape' Hill. NC :75W ' 
7525 

We have shown previously that Hepatocyte Growth Factor (HGF) is capable of ligand- 
independent activation of the androgen receptor iARj in prostate epithelial tumor cell lines in 
vitro. The goal of the present study was to evaluate expression of HGF, its cognate receptor 
(c-Met), and AR in androgen-dependent (AD) and androgen-independent (Al) human prostate 
cancer (CaP) specimens Expression levels of HGF, c-Met, and AR proteins were evaluated 
by irnmunohistochernistry and western blot analysis in 10 cases each of benign prostatic 
hyperplasia (BPHl. AD CaP, and Al CaP. AR expression was slightly but significantly 
elevated in 5/10 AD CaPs, but was greatly elevated in 7/10 Al CaPs. HGF was expressed by 
2/10 AD CaPs. but was elevated more consistently in Al CaP (5/10) Full-length c-Met 
protein was overexpressed in 7/10 AD CaPs in comparison to BPH, but was elevated in only 
3/10 Al CaPs. Interestingly, the decrease in full-length c-Met among the Al CaPs was 
accompanied by acquisition of expression of an 85 kDa N -terminal truncated variant of c-Met 
that may represent a constitutjvely active receptor. Combined, these data suggest that the 
transition from androgen-dependent to androgen-independent prostate cancer involves 
upregulation of AR and HGF, along with acquired expression of a truncated (and possibly 
active) HGF receptor. Given the observations that: 1 > AR is involved in Al CaP; 2) HGF can 
activate AR in the absence of testicular androgens, 3) Al CaP emerges in an environment 
lacking testicular androgens; and 4) removal of testicular androgens results in increased 
expression of both HGF and c-Met, it is plausible that both HGF and c-Met play a role in the 
progression of prostate cancer by providing an alternative mechanism for driving AR- 
dependent processes in an androgen-independent environment. 



Strom-Epithelial Interaction in Prostate Cancer as the Basis for Molecular Co- 
Targeting with Adenoviral Vectors 

Leiand W JL Chang, Andy Law, Qua- Ling Hsieh, Shigeji Matsubara, Hong Rhee; 
University of Virginia, U. Virginia Health Sciences Center. Charlottesville, VA 22908 
Reciprocal cell interaction between prostate cancer and bone or prostate stromal cells 
demonstrated the importance of tumor and imcroenviroorrjent interaction, which regulates 
local tumor growth, and its acquisition of tivdrogen-irvdepeixlence and metastatic potential 
This study documerHed that prostate cancer and bone or prostate stromal cells when co- 
cultured under 3-D mkrogravity simulated growth conditions underwent non-random 
permanent phenorypic and genotypic changes in both tumor epithelial and bone stromal 
cellular conrpartrneots These results support the role of cellular interaction and prostate 
caranogenesis. Using liiieage-derived LNCaP cell line* as a model for the evaluation of 
multi-step prostate caronogenesis, we observed that prostate cancer cells that have acquired 
the ability to metastasize to the skeleton exhibit osteo-numctic properties. By employing this 
cellular interaction model, we have developed a series of tissue -specific and tumor-restrictive 
prorooters, osteocalcin, bone »ak>protein, and osteonectin, which have a unique ability to 
target prostate cancer and prostate and bone stromal cells in tumors. This strategy of co- 
targeting has been applied in both pre -clinical and/or clinical setting* We have constructed 
and tested repbcaDoo-deiecuve adenoviruses to treat both localized and metastatic prostate 
cancers. This strategy is being expanded presently to the use of replication competent 
adenoviral vectors for the treatment of prostate cancer skeletal metastasis 



214.4 

Suppression of Prostate Tumor Xenograft Growth Following Localized Treatment with 
TRAIL/A po-2L Expressing Recombinant Adenovirus. 

Thomas S. Griffith. Richard D. Anderson, Beverly L. Davidson, Elizabeth L. Broghammer, 
Richard D. Williams, Timothy L. Ratliff; University of Iowa, Urology, 200 Hawkins Dr.. 
Iowa City, IA 52242 

TRAIL (TNT-related apoptosis-inducing ligandVApo-2L is a member of the TNF superfamily 
that induces apo ptosis in a variety of tumor cell types. Numerous studies have demonstrated 
that recombinant, soluble forms of TRAIL are potent mediators of tumor cell apoptosis in 
vitro and in vivo, while dernoristraring minimal cytotoxicity toward normal tissues. One 
potential disadvantage to previous in vivo protocols was the need for large quantities of 
TRAIL to significantly inhibit tumor outgrowth. In the current study, a replication-deficient 
adenovirus was engineered to encode the human TRAIL gene (Ad5-TRA1L) as an alternative 
to recombinant, soluble TRAIL protein. The results clearly show that TRAIL- sensitive 
prostate tumor cell targets infected with Ad5 -TRAIL rapidly produce and express TRAIL 
protein, and subsequently undergo apoptotic death This activity is limited to TRAIL- 
sensitive tumor cells, as normal prostate epithelial cells or TRAlL-resistant tumor cells are 
not killed following Ad5-TRAIL infection. Furthermore, in vivo administration of Ad5- 
TRAIL at the site of rumor implantation suppressed human prostate tumor xenograft 
outgrowth in immuriodeficient SOD mice. Histologic examination of prostate tumors treated 
locally with Ad5- TRAIL displayed areas of apoptosis within 24 h of injection. These results 
further define the use of a recombinant adenovirus encoding TRAIL <Ad5 -TRAIL) as a novel 
ano -tumor therapeutic, and demonstrate its potential use as a means for treating prostate, as 
well as other solid, tumors in vivo. 
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Lead Inhibits Secretion of Osteonectin/SPARC without Significantly 
Altering Collagen or Hsp47 Production in Osteoblast-like 

ROS 17/2.8 Cells 
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Lead Inhibits Secretion of Osteonectin/SPARC without Sig- 
nificantly Altering Collagen or Hsp47 Production in Osteoblast- 
like ROS 17/2.8 Cells. Sauk, J. J., Smith, T., Silbekgeko, 
E. K.. Fowler, B. A., and Somerman, M. J. (1992). Toxicol 
Appi \ Pharmacol. 116, 240-247. 

In an effort to better understand the consequences of lead 
(Pb 2 *) on skeletal growth, the effects of Pb 2+ were investigated 
using ROS 17/2.8 bone-like cells in vitro. These studies revealed 
that Ptr 1 (4.5 X 10 6 M 4.5 > 10" 7 M) has little or no effect 
on cell shape except when added immediately following seeding 
of the cells. However, proliferation of ROS cells was inhibited, 
in the absence of serum, at concentrations of 4.5 > 1()" 6 m Pb 2 ~. 
Protein production was generally increased, however, the major 
structural protein of bone, type I collagen, production was only 
slightlv altered. Following treatment of ROS cells with Pb 2 \ 
intracellular levels of the calcium-binding protein osteonectin/ 
SPARC were increased. Osteonectin/SPARC secretion into the 
media was delayed or inhibited. Coincident with retention of 
osteoncctin/SPARC there was a decrease in the levels of osteo- 
nectin/SPARC mRNA as determined by Northern analysis. 
These studies suggest that processes associated with osteonectin/ 
SPARC translation and secretion are sensitive to Pb : '. * 1992 

Academic 1'iess. Inc. 



Lead (Pb : ~) is a toxic substance that is known to impair 
skeletal growth even at levels of exposure for the general 
population (0.75 /im) (Mooty et ai, 1975; Angle and Huse- 
man. 1989; Shukla et aL 1989; Schwartz et ai, 1986; Fri- 
sanch and Ryan, 1991). There are several indications that 
Pb : ~ b> its interactions with calcium (C a : ) may perturb 
many normal calcium regulatory processes, c^., its action 
as a second messenger, interactions with calcium binding 
and other extracellular proteins associated with mineralized 
tissues and subcellular functions at the le\el of the mito- 
chondria, synaptosomal, and membrane vesicles. Further- 
more lead is known to affect protein synthesis (Shelton et 
ai i^JM.i. particularly by increasing protein- 1 hat constitute 
nuclear .md cytoplasmic inclusion bodies f M ». <ie et ai, 1973; 



Richter et aL 1968; Choic et ai, 1975; McLachlin et a!. 
1 980; Shelton and Egle, 1982). two glucose regulated protein-, 
(Shelton et ai, 1986) and by deminishing the levels of the 
bone related protein, osteocalcin (Angle et ai, 1990; Long 
etaL 1989, 1990). 

In addition to osteocalcin, there is increasing evidence 
that other noncollagenous proteins associated with miner 
alized tissues play a critical role in the regulation of osteo- 
genesis. This has led to increased research emphasis on pu- 
rifying, characterizing, and identifying the role of these pro- 
teins in the mineralization process (for reviews see Butter 
1985; Fisher et ai. 1987; Glimcher and Lian, 1989). Many 
of these proteins are acidic and are known to bind both Ca 
and hydroxylapatitc. suggesting a role for them in the initial 
phases of mineralization. Also, some bone related proteins 
such as osteonectin/SPARC (secreted protein, acid and rich 
in cysteine) mRNA have been localized to areas of acme 
tissue morphogenesis and are expressed in cells and tissues 
that exhibit high rates of turnover, secretion, and remodeling 
(Funk and Sage, 1991 ). In the studies reported here we seek 
to determine if Pb : * alters the characteristics of ROS 17/2 8 
bone-like cells in viim. Also, this study determines whether 
Pb 2 * affects the production of two recognized bone matrix 
components, collagen and osteonectin/SPARC. Further 
more, we examine the effect of Pb ?+ on Hsp47, a resident 
endoplasmic reticulum protein of cells producing type I col 
lagen (Nakai et ai. 1090; Sauk et ai, 1990b). 

MA I I RIALS AND METHODS 



Cell culture. CUuha! 

rat osteosarcoma were u 
teoblastic-like phenol 1 , i\ 
ctal, 1980). OIK 
(DM KM) supplemented 
100 Mg/ml slreptom w k) 
was prepared by \v;\w 
nitrate (Sigma! and s : 

Proliferation rah: 
ROS 17/?.H cclK ■ 



,e cell lines (ROS 17/2.8) derived from .\n<>" ; : 
: These cells have the advantage that their 
karacteristics are maintained in vitro (Maje: -k. 
! in red in Dulbccco's modified Eagles medium 
:k 1 16 gf) glutamine. 100 units/ml peniu ;i. 
J ' i fetal bovine scrum (FBS). Lead jm 
t vukK solution containing 4 5 * if) - m It.;-. 

m glutamic acid in water. 
, ,.ite the effects of lead on cell proliterav ■■ 
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^8 u * 10' ce ll s 'ac': DMEM supplemented with 10* FBS and an- 
tibiotic and ,ncuba:ed - ernighl al 37 X. On the following day, the medium 
was removed from each well and medium added as follows: (a) DM .EM • 
m FBS - glutamic acid. • M DMEM - 2"c FBS + glutamic acid; (c) DMFM 
+ (K FBS ♦ glutum.c acid; id) DMEM t 2% FBS f lead glutamate; and 
(e) DMFM - (ri FBS < lead glutamatc. The effects of lead glutamate on 
c^llprohferanonwere^uluaiedatihreedirrerentconcentranons^ * 10 ^ 
m 4 s v io * m and 4.5 - 10"' m. Cell proliferation, on Day 2, Day 4, and 
Day 6 after seeding, was determined by trvpsini/ing cells and counting elec- 
tronically using a Coulter counter. 

Determination of total protein and collagen production. The methods 
for labeling cells have been reported previously (Someirnan el al . 
Briefly I 0 X 10 4 cells per icst well (Falcon. 35-mm wells) were seeded in 
wells in DMFM with I0«r f BS and antibiotics. After cells attached and 
spread medium was removed and cells were incubated for 48 hr m serum- 
free DMFM with 20 mCi/ ml L-5-pH]prohne and (a) glutamic acid (control) 
or (b) 4 10 * M lead vdutamaie. Media and cell samples were then dialyzed 
extensively against cold buffer (pH 7.4, 0.05 M Tris-HCI, 0.2 M NaCl. 0.005 
m CaCF) Following d.alvs.s, aliquots of these samples were counted m a 
liquid sc'intillation spectrometer (Packard Tn Carb 460C) in Aquasol-2 (New 
England Nuclear (NFN) Boston. MA). These counts represented total non- 
dtaly/able radioactive material and were taken as a measure of total protc.n 

Pr ? 0 U «!i > matc collagen pnxlucuon. an aliquot of the above dialyzed material 
was reacted for 6 hr at V°C with chromatographic^ purified bacterial 
collagenase (Form 111. Advance Biofactures) according to methods of Pe- 
terkofsky and Diegelmann (1971). Undigested proteins were precipitated 
with 5% trichloroacetic acid/0.5* tannic acid and samples were ccmnlugcd 
*n aliquot of the supernatant was counted in Aquasol-2 ( N EN1 with a liquid 
scintillation counter. To provide a background value for the collagenase 
assays, additional aliquots of dialyzate were treated as above except that 
bacterial collagenase was excluded from these samples. The resulting back- 
grounds were subtracted from the collagenasc-treatcd series to yield a value 
which represented collagen production expressed as collagenase digestible 

protein. . , . 

To determine the effects of lead on protein synthesis, cells were incubated 
with "^-methionine and 4.5 x 10 h M lead glutamatc for 20 mm and then 
cell and media were harvested separately, as described above. Nonradioactive 
wells were run in parallel with these experiments to obtain total number ol 
cells/well at time of hardest. The cells were harvested with 0.08^ tryp^v 
0 04-r EDTA and total cell number per well was determined electronically 
by Coulter counter. All assays were run in triplicate and data expressed as 
CPM X 10 3 /l0 6 cells. 

Gel electrophoresis. For polyacrylamidc gel electrophoresis {PAG F >. cells 
were seeded and exposed to 4.5 X 10 6 m lead glutamate and rad.oact.vely 
labeled exactlv as described above. Media and cell samples were dialyzed 
extensively against distilled water and lyophilized. Comparable cell and media 
samples of control and lead-treated cells, were dissolved in gel buffer 1 hus. 
anv vanation in protein profiles among samples is based on altered proictn 
production/well during the labeling period. Following reduction with mcr- 
captoethanoh the samples were analyzed by gel electrophoresis on SDN 4- 
W polvacrylam.de gradient slab gels according to the method of l.aemmli 
(1970). The gels were fixed, dried, and autoradiographed using the methyl 
of Bonner and Laske> < W4). 

Immunoblotting. For Western blots, 3 X 10 6 cells were plated and SI )S- 
PAGE was performed as described above and proteins were .mrreduteh 
electrotransferrcd to nitrocellulose paper (Towhin et al., 1979). The paper 
was blocked with \ bovine serum albumin (BSA) in 10 mM Tns-HC I P H 
7.4,0.9 M NaCl (TBS u >r i hr and then in TBS/BSA with 2'- n.-rma! *rj\ 
serum (NGS-GlB( u> \ -userum. rabbit-anti-bovine osteonectin ^ 1 
Fisher N1DR/N111 1 >» preimmunc serum were diluted 1:2000 m *amc 
solution and incub..:cJ w.h gentle shaking overnight. The niu...e ' 
paper was then nr.scd ^ ve times for 5 mm in TBS/Twecn. I K- ^ 
ant.bodv. amnii M - — .nai-anu-rabbit lgG (Fc) horscradi sh :•• • 



iK.rkeeaard & Perrv Tabs. Inc.. GaithersburR. MD) was diluted to 0.9 n& 
■ri md incubated with the paper for 1 hr Wa.sh.ng between steps was per- 
formed three times for 30 mm with <0 mM Tris-HCI, 0.9 M NaCl. 0.05* 
Tween pH 7.4. Sunning was accomplished with 4-chloro-naphthol. For 
Hsp-T pol>clonal rabbit antibodies were prepared against a 22-mer peptide 
corresponding to the N-terminal sequence of chick Hsp47 (Hirayoshi et at . 
1 99 1 ) that was conjugated to Keyhole limpit hemocyanin (Sauk et al.. 1990b). 

immunoprecipitation. Cell layers havmg equal cell numbers were ho- 
m«*m/ed in 2x immunopr^ipitat.on buffer (0.2 m Tris-HCI 0.3 M Nat I 
--Tnton X-100. 2* deoxNtholate. O.Z\ SDS, pH 7.2) and diluted wUh 
cold distilled water to 1 x. while the culture med.a was diluted 3:1 with 4X 
ir nmunopreapitaOon butter. The nominates and media were then ccn- 
tnfuged for 5 min at 1 0.000* in an Eppendorf centrifuge and a MM sample 
of the radiolabeled supernatant was added to a mixture ol GammaBind O- 
Agarose (Genex, Gaithersbur*. MO) and antibody in PBS-azide. The samples 
were then mcubated at 4°C with constant shaking and then centnfuged at 
10 000* for 10 mm. The resulting mimunopreopitate pellets were then 
washed twice with PBS-a/ide. The final pellets were suspended in 2x ge 
electrophoresis sample buffer, heated for 10 min at 90X. and then centnfuged 
to remove GammaBind G agarose. Samples of the supernatants were cou nted 
in a scintillation counter and another sample analyzed by PAGE and au- 
toradiography as described above. Auioradiograms were densitometry] ly 
scanned and data were reported as ratio of treated to control samples. 

Sorter* analysis. Total RNA from 4 x 10' ROS 17/2.8 cells was st- 
abilized in S00 Ml 4 M guanidimum thiocyanate containing 25 mM sodium 
acetate (pH 5 0) and 100 mM 3-mercaptoethanol, transferred to an Eppendorl 
tube containing 20-^g of calf liver tRNV and precipitated by addition of 
450 n\ of 100% ethanol RNA pellets were reprecipitated m the presence ol 
S0% ethanol containing 100 mM sodium acetate (pH 5.0) at -20 D t. and 
equal amounts of RNA were immediately loaded onto Northerns. RNA 
was transferred to nitrocellulose and bound to the paper by baking at 80 C 
for ■> hr in vacua A 1 .5-kb EcoRl restriction fragment of a bovine osteonectin 
cDN A (Sauk el at 1991) was radiolabeled by nick translation (Amersham 
Kit) using a-lP"l dCrP and hybridized to filter bound RNA. Hybridization 
was carried out at 37°C in a mixture of 40*o formamide. 0.1 g/ml dextran 
sulfate 5 < SSC (74 mM sodium citrate. 750 mM sodium chloride), 10 mM 
Tris (pH 7.5). 4X Denhardt's solution, and 0.1 mg/ml denatured salmon 
sperm DNA. The filters were washed in a solution of 2X SSC, 0.1% SDS 
ihrcc times for 15 min at 25 6 C and autotluorographed. Values ol the osteo- 
nectin/SPARC mRNA (arbitrary densitometry units) were normalized to 
the amount of ribosomal RNA. 

Attachment assay. The attachment assay utilized is similar to that of 
Klebe (1974) Uncoatcd polvstvrenc baetenological 24-wcll plates (bacte- 
riological petri dishes. 25820 special Corning) containing the specific factor 
being evaluated, i.e.. fibronectin (10 /.g/ml. positive control) or lead glutamate 
at a concentration of 4.5 X 10 > M and 4.5 * 10"' M. were pre.ncubatcd 
for 1 hr at 37°C in 0.4 ml DMEM containing 1 mg,'ml bovine serum albumin 
(BSA Fraction V Miles Laboratories. Inc.). Control wells had DMEM plus 
BSA Following the conditioning period ROS 1 7/2.8 cells, at a concentration 
of 3 X 10* cells in 0.1 ml of DM EM /BSA were added to the wells. Incubation 
was continued for an additional 90 min and wells were rinsed with Hanks' 
balanced salt solution to remove unattached cells. Photographs, as needed, 
were taken at this time to document cell spreading. Cells remaining were 
removed enzymatically with 0.08-' trv P s,n/0.04<* EDTA and counted elec- 
tronically using a Coulter counter. 

Cell spreading. Cell spreading was determined by photographing six 
representative microscopic fields at - in The photographic images were 
then captured using an ELMO v,s,ai presenter (F.V-368) and the shape of 
the resulting cells was determined follow^ ,rnage analyses using NIH Image 
(1.40) software. 

Statistical analyses. All expend-:,-, . insisted of at least triplicate de- 
terminations. The statistical sign.!,, r.,: differences in effcrts of Pb* on 
cells was determined by analysis .»» c and Duncan's multiple range 

test. 
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RESULTS 

Initially lead acetate and lead glutamate were both eval- 
uated for'use in these in vitro assays. Lead acetate added to 
DMEM, at comparable doses to lead glutamate (10 ' M), 
resulted in the formation of an immediate visible precipitate. 
No visible precipitate was noted in lead glutamate solutions, 
including the 4.5 X 10 2 M stock solution. Thus, lead glu- 
tamate was selected for use in determining the effects ot Pb 
on bone cells, in vitro. 

For proliferation studies cells were exposed to three con- 
centrations of Pb 2+ , 4.5 X 10 5 m, 4.5 x 10 * M, and 4.5 X 
10 7 m in DM EM/2% FBS or DMEM/0 r i FBS. After I day 
exposure of cells to 4.5 X 10 "> M Ptr ' in DMEM/0% FBS 
a visible precipitate was noted. By Day 4 a similar precipitate 
was noted in cells exposed to 10° M Pb : + in DMEM/2% 
FBS and a decrease in cell proliferation was noted compared 
to controls (Fig. 1). Concentrations of Pb : * less than 4.5 X 
10 5 m had no effect on cell proliferation in the presence of 
serum. However, in the absence of serum. 4.5 x 10 7 m Pb 2f 
increased cell proliferation at Day 4 while, 4.5 X 10" M 
Pb 2 * inhibited proliferation, but not until Day 6. ^ 

The in vitro attachment assay revealed that Pb"* (4.5 X 
10 ' 6 m-4.5 X 10" 8 M) did not affect cell attachment. Fur- 
thermore, nbronectin attached cells were not displaced by 
the addition of Pb 2 * to the media (Table 1 ). However, if Pb + 
(4 " >; 10" 6 M) was incorporated into the medium of cells 
within the first 3 hr, 92 ± 3% the cells that attached did not 
go on to spread (Fig. 2A). This nonspread condition persisted 
for up to 4 days, after which the experiment was terminated. 



TABLE 1 

Effect of Lead on Attachment of ROS 17/2.8 C elK 



Treatment 



Control 
IN 

Na glutamate (0.5 ' 
Pb glutamate (4 5 s 
Pb glutamate (4.5 1 
Pb glutamate (4.5 > 
Na glutamate (5.0 
Pb glutamate (4.5 > 
Pb glutamate (4.5 : 
Pb glutamate (4.5 ; 



10 5 M) 
10 5 M) 
10" 6 M) 
10 7 M) 
10~ 5 M) + FN 
I IT 5 M) - FN 
10 ' J M) - FN 
10 7 M) - FN 



Number of cells 


Vtjched 


attached /well 


i>f jpplied 


960 ± -36 


^ 1 ' 0 X 


15407 - 1345" 


51.4 - 4.5 


1009 + 130 


3 4 i 0.4 


1073 ± 301 


.Vf> - 1.0 


I062 ± 415 


* 5 * 1 .4 


1083 i 108 


3 6 ± 0.4 


16622 = 2043 J 


55 4 : 6.8 


14529 ± 1 366" 


48.4 * 4.5 


14220 i 1038" 


47.4 * 3.5 


15189 - 2503' 


50.r> r K.3 



a p < 0.05 when compared with control wells. 

Xote FN hbronectin. All agents were evaluated in triplicate and data 
expressed as number of cells attached ± SD (3.0 x 10* cells per well were 
applied) There were dav to day vacations in the number ot cells applied. 
For clarity and consistency results are expressed as the number of cells at- 
tached per well ± SD. 



If the cells were allowed to attach and spread overnight. Pb 2 " 
added to the medium did not affect spreading, consequently 
85 ± 9% of Pb 2+ treated and 87 ± 6% of control cells were 
noted to spread (Fig. 2). ^ 

Based on proliferation and attachment results, Pb + at 4.5 
X 10 * M was added 24 hr after plating and used in assays 
designed to determine the effect of Pb 2 + on biosynthetic ac- 




o i^ifi^o 7 o io 5 io 6 ic 7 o i6 5 io 6 id 7 

LEAD CONCENTRATION (M) 
(DAY 2) (DAY 4) (DAY 6) 



LEAD CONCENTRATION (M) 
(DAY 2) (DAY 4) (DAY 6) 



I K > I. The effect oflead glutamate (4.5 ■ i 
>( <s ; S cells Data represent the mean of thr- 



5 v 10" 7 M) in the absence (A) and piv 
rnimations ± the standard deviation ■ 1 



nf 2 r r fetal bovine serum on the prolin- 
es significantly (p = 0.05) different iron 
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t i th a s • 10 6 m Pb 2 * 3 hr after plating Cells were then maintained for an 



tivity of ROS 17/2.8 cells, in vitm Both media and cells 
exposed 10 Pb v for 48 hr exhibited a significant increase in 
total protein production/cell, approximately and 40%, 
respectively uhen compared to control In control no sig- 



nificant increase in collagen production was observed (Table 
^ To determine whether Pb" had a shon-term effect on 
cellular proteins (i.e.. protein synthesis) ROS 17/2.8 cells 
were exposed to 4.5 < 10 h M Pb : * for 20 mm and radio- 



Effect 



Cell 

Control 

Ixad 
Media 

Contm! 

Lead 

Sole ( ei: 
48 hr at .1 . 
standard C-i 
periments 



TABLE 2 

• d Lead Glutamate on Protein and Collagen 
Production bv ROS 17/2.8 Cells 



Total protein production 
iCPM * 10"') 



I ollayen pi.KhiLiion 
(C PV in y ) 



708 i K6 
W0 ■» 78* 



•-, k-d with |*H]prolinc were exposed i<> K 
• : ;r.m.-r .-14 S • HI *M Results are e\pr-. - 
on These results were representative it tL 

tiiim control wells 



'n.tte for 
.-.rjtc CI- 



TABLE 3 

Effect of Lead Glutamate on Protein Synthesis 
bv ROS 17/2.8 Cells 



Cell 

Control 

Lead 
Media 

Control 

Lead 



'^methionine 



wells tor 20 mm anil then w.-: i. 
arc expressed as means * .m ' '■ 
of three separate cxprnm^: 
* p < 0.05 significant -.l/v 



lota) protein synthesis 
iCPM 10" 3 ) 



357 r M 
431 t 54* 



i * \i lead glutamate were added to 
IK were harvested separately. Results 
l:i -([ 1 hesc results were representative 

,nniro] wells. 



Material r~T 
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actively labeled during this time period. As seen in Table 3, 
Pb : ' exposed cells exhibited an increase in protein synthesis, 
but not in secreted (media) proteins 

To further investigate these changes, we analyzed the effect 
of varying Pb :t concentrations on cellular levels of Hsp47, 
a collagen-binding glycoprotein associated with collagen as- 
sembly and sorting, and on the acidic bone-related protein, 
osteonectin/SPARC. Usp47 levels, as with collagen produc- 
tion, were not altered by Pb 2+ treatment {Fig. 3). Conversely, 
cellular levels of osteonectin w ere noted to be enhanced fol- 
lowing Pb" exposure (Fig. 4). Examination of the media 
following Pb : ' (4.5 X 10" 6 M) treatment revealed that os- 
teoncctin/SPARC levels were not detectable, by optical den- 
sity comparison, to that of control cells (Fig. 5). Exposure 
of ROS 17/2.8 cells to 4.5 X 10 5 4.5 X 10~ 7 M Pb' + for a 
shorter duration {20 min) followed by immunoprecipitation 
of cell proteins with anti-osteoneetin antibodies revealed a 
dose-dependent decrease in synthesis of osteonectin/SPARC 
(Fig. 6). Northern analysis of osteonectin mRNA (2.2^kb) 
showed no differences between Pb :+ treated (4.5 X 10 m) 
for 1 hr and control cells. Howev er, if cells were exposed to 
Pb 2 ' for 24 hr, osteonectin/SPARC mRNA levels were re- 
duced by threefold compared to control cells (Fig. 7). 

DISCUSSION 

The data reported here demonstrate that Pb 2+ decreases 
the proliferation of bone cells in vitro and enhances cellular 
protein production. The ability of Pb 2+ to decrease ROS 17/ 
2.8 proliferation is in agreement with similar studies by Long 
et al (1990). However, at comparable doses (4.5 X 10 M) 
we observe decreased cell growth by Day 6, whereas Long 
et al. did not observe decreased cell growth until Day 9. The 
reason for these differences may include the experimental 
design. Although both studies used ROS 17/2.8 cells, we 
used 0 and 2% serum whereas they used 5% serum. Higher 
scrum levels may lower the concentration of unbound Pb + 
available to cells. We also used lead glutamate, while they 
used lead acetate which is particularly prone to form precip- 
itates (McLachlin et al., 1980). 

The importance of cell adhesion in the regulation of many 
physiological and pathological events including development, 
platelet aggregation, wound healing, and malignant invasion 
prompted us to further investigate the effects of Pb 2+ on bone 
cell attachment. The adhesion of cells to a substratum, in 
vitro is frequently regulated by calcium dependent, receptor- 
hgund interactions. Thus a reasonable hypothesis for the ob- 
served decreased cell attachment would be that Ptr\ by 
competing with Ca 2 * at the cellular membrane, may interfere 
with receptor-ligand interactions and subsequently cell at- 
tachment and spreading. Previous studies reported that mar- 
:ow cells exposed to Pb :+ ( 1-10 m m Ph J ) for 10 days exhib- 
.icd decreased adherence to tissue culture dishes (Kowolenko 
. 1989). The ability for ROS i ' X cells to attach, but 



procollagen 



47 KDa 



FIG * The effect of 4 hr of 4.5 X 10 6 M Pb :t on Hsp47 in ROS 17/ 
-y 8 cells Lanes a and b represent Western blots utilizing anti-Hsp47 anti- 
bodies Control lane a and Pb'" treated lane b, ROS 17/2.8 cells. Hsp47 was 
enriched bv binding to gelatin ■ Sepharose (Sauk et aL 1 <W0> pnor to PAGE. 
Lanes c (Control) and d (Pb ? * treated) represent autoradiographs of S- 
methion.ne-labeled (4 hr). ROS 17/2.8 proteins immunoprecipitatcd with 
anti-Hsp47 anybodies. In addition to Hsp47, » 1(1) procollagen chains are 
coimmunoprecipitaicd with anti-Hsp47 antibodies (Nakai et at 1990). The 
optical density of precipitate in Western blots and bands in -mmunopre- 
cipitate audiograms were determined by gel scanner as a component of 
N1H Image { 1 .4) software. These analyses revealed relative optical density 
differences of <0.05 between control and Pb J+ treated cells. 



not spread following the early on addition of Pb : * indicates 
that these events, in bone cells, are temporally mediated. 
Also, once spreading has developed Pb 2 * cannot reverse this 
process. However, in our studies, no effect on cell attachment 
was noted in distinction to effects observed with marrow 
cells (Kowolenko et aL 1989). Furthermore, cells already 
attached through a calcium dependent intcgrin receptor-fi- 
bronectin interaction were not detached by doses ot Pb^ 
that were sufficient to alter protein production and cell pro- 
liferation The separate modulation of cell spreading and 
proliferation has been noted previously. Funk and Sage 
(1991) showed that SPARC inhibited cell proliferation and 
caused cell rounding of endothelial cells. Furthermore, in- 
hibition of cell doubling was attributed to a 20-residue syn- 
thetic peptide (2. 1) derived from a non-Ca^-bmding, disul- 
fide-rich region of SPARC while cell rounding was promoted 
by sequences 5-23 in the calcium-binding region of the mol- 
ecule. In the present study, there was no secretion of osteo- 
ncctin/SPARC to cause cell rounding in the first few hours. 
However. !V might alter a membrane receptor, ion pump, 
or disturb a second messenger system (Borke et 1988: 
Bussclber^ < ; u! . 1 99 1 ) controlling cell shape. 

Lead\".ib:iiiv to modulate both the synthesis and pro- 
duction m ^J:nsby ROS 17/2.8 cells appears -be directed 
at least i. ;\rt to acidic calcium binding p:vt -/:ns. I hus. 
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FIG 4 Western blot of cellular ostconcctin/SPARC (43 kite) using 
an.-osteonect,n ant,txxl,es. >n ROS 17/2.8 cell, 

concentrations of lead glutamate for 4 hr. (a) control , (b -.5 x 10 u Pb . 
,cl 4 5 x I0-* M Pb ; *; (d) 4.5 X 10-' M Pb-. Lower molecular weight bands 
observed in lanes c and d were considered to represent minor alterat.ons in 
pSem processing, i.e.. glycosylate or phosphorylation. Rc,u,ts represent 
the mean of three separate experiments. 

collagen and Hsp47 levels are unchanged whereas cellular 
levels of ostconectin/SPARC are enhanced and secretion 
similar to osteocalcin (Angle el al. 1990: Long el al. 1989 
1990) is inhibited. However, the increased cellular levels of 
osteonectin/SPARC ensue while synthesis, depicted by short- 
term ^S-methtonine labeling, is diminished. Shelton el al 
(1986) similarly demonstrated that Pb 2 ' enhances the level 
of an acidic (pi 6.3) inclusion body protein in kidney cells, 
and Fowler et al. (1985) showed increases in the synthesis 
of acidic gene products in rats given a single low dose o 
Pb 2 * which induced intranuclear inclusions in renal proximal 
tubule cells. However, unlike the Ptr '-induced nuclear pro- 
teins. osteonectin/SPARC is secreted, though delayed, in the 
presence of Pb 2t and is found in the medium. Lead inhibits 
this release possibly bv affecting the conformation of osteo- 
nectin/SPARC as well as other acidic calcium-binding pro- 
teins As a result, these proteins arc retained in the ER. The 
inhihitit.ii or delayed secretion of structurally altered proteins 
is common and delayed synthesis, even in the presence ot 
cc,uiv alent levels of mRN A, may ensue as a consequence or 
retention or delayed secretion of protein from the r.R (Byers, 

n',', diminished levels of osteonectin/SP \RC mRNA in 
cdK i;cau-d with Pb 2 ' for 24 hr signifies that pretranslat.onal 
overt- .unrolling these acidic cellular proteins may also be 



FIG. 5. Immunopreapuation of ^-mcth,on,ne-labe ed (4 hr. -stio- 
nectin/SPARC (43 kDa) from the media of ROS 17/2.8 cells folio* .r* 4 hr 
treatment with 4 < x 10 " M Pb ; " and continuously labeled with Vme- 
SS?W«»^:(b)4.5 x ,0-MPb-,(O4.5:. 10-MPb- R. U I, 
represent the mean of three separate experiments. 



affected by Pb 2f . The accumulation, over time, of Pb- - in 
the nucleus (Shelton. 1986) may place Pb 2+ in proximity to 
transcriptional events. Proteins such as P 2\/6.2, associated 
with nuclear matrices, have been implied in affecting ON A 
replication, RNA transcription, mitogenesis, and cell prohl- 
eration(Mistrv t v«/., 1985. 1986: Klann and Shel.on, 1^9. 
Fowler and Duval. 1991). Candidates for posttranscr.iu.on 
and/or pretranslational affects of Pb 2 ' include the P 220 
component of an eukaryotic initiation factor 4F and regu- 
calcin-like proteins. The P 220 component functions in the 
first step of the binding of capped mRNAs to the small n- 
bosomal subunit and has been shown to be a substrate for 



FIG. 6. Imnun. 
20 min treatment 
(b)4.5X I0' 5 v PI- 
were reproduced " 



vuition of cellular osteonectin/SPARC t.. 
.^concentrations ofleadgluttmatr i.n - ■ 
> - ur 6 MPb 2 \(d)4.5:< 10 7 m Pb K- 
jie experiments. 
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FIG 7 Northern analysis of ROS 17/2.8 cells. Panel represents an au- 

ROS 17P It RNA migrating to 2.2 Kb. la) control cells, (b) 4.> x 10 m 

qua mounts of RNA were loaded in each pann 8 . oHan 
c and d were exnwed lor a longer penod in order to vwnhzc lane d. Results 
were reproduced in two separate experiments. 

multiple calcium-dependent enzymes (Wyckoff el at.. 1990). 

Regucalcin, a calcium-binding protein derived from cytosol. 

regulates Ca' 2 med.ated cell function by inhibiting am.no- 

acvl-tRNA synthetase activity (Yamaguch. and Mon, 1990V 
Thus these studies demonstrate further that Pb" has a 

nootropic effect on bone cells. ER processes, possibly as- 
sociated W ,th calcium-dependent protein folding, appear to 
be sensitive to Pb< -. resulting in retention or delayed protein 
secretion In contrast, receptor-mediated attachment to sub- 
stratum >s undisturbed by Pb J ~. Future studies directed at 
establishing the mechanism for the alteration of specific bone 
proteins in cells exposed to Pb ;+ are warranted and will help 
to clarifv the effect of Ptr 1 on bone growth and possibly 
provide a molecular marker for Pb 2 ' exposure in the env,- 
ronment. 
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/ ///; DIAGNOSTIC VALUE OF IMMVNOHISKK HEMICAL 
DETECTION OF OSTEONECTIN IN DIFFERENT TYPES OF 

OSTEOSARCOMA 

Amal A. Shahan 
Pathology Department, Faculty of Medicine, Alexandria i -'niversity 

Summary 

The pathologic diagnosis of osteosarcoma may be problematic due to wide 
histopathologic variations that can be mimicked by other primary or metastatic bone 
tumors :vith significantly different biologic potentials and treatment protocols The 
accurate diagnosis of osteosarcoma relies on identification of malignant osteoblasts that 
are capable of producing neoplastic osteoid or bone matrix. To determine the benefit of 
immunohistochemistry for the diagnosis of osteosarcoma, twenty five cases of various 
types of osteosarcoma, seven fine needle aspirate of osteoblastic osteosarcoma, and 
eleven control lesions of nonosteogenic bone tumors were immunostained with 
monoclonal antibodies for osteonectin (a 32 Kda non collagenous bone protein). The 
production of osteonectin depends on the osteoblast-like function of the individual tumor 
cells, therefore, a homogenous immunocytochemical staining of all tumor celis and the 
surrounding matrix cannot be expected Nevertheless, all cases of osteosarcoma 
demonstrated positive cell cytoplasmic and matrix staining with variable intensities. All 
control cases - except one case of conventional chondrosarcoma - snowed negative cell 
cytoplasmic and matrix staining. In conclusion, immunohistochemtca! demonstration of 
osteonectin in osteosarcomas is a valuable tool for establishment of their osteogenic 
origin in order to differentiate them from other nonosteogenic bone tumors. The technique 
is reproducible in fine needle aspirates of osteosarcoma, which :s considered as a 
noninvasive arid easy diagnostic procedure. 

I n traduction 

Osteosarcoma (OS) is the most common neoplasm should ha\e proliferating 

primary aggressive malignant bone tumor malignant cells that produce either osteoid 

(1). Diagnosis of bone tumors is still huscd or bone at least in small foci. Thus, The 

largely on the predominant matrix presence til tumor osteoid -or bone is 

*». formation and the presumed cell of origin, essential for the diagnosis of OS (3-5). 
** Pattern recognition on conventional Mosl OSs are cas;i\ ;iiagnosed by light 

! histologic sections is also a primary nuvns microscopy. The diagn however, may 

J of diagnosis (2). To qualify as an < r v a he problematic due to v. i. f histopathologic 
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variations that can be mimicked by other 
primary and metastatic bone tumors (1). 
Moreover, small biopsy specimens may tail 
to show neoplastic bone 01 osteoid, 
necessary for light microscopic 
diagnosis. Other sarcomas may produce 
cartilage or hyalinizcd collagen that are 
difficult to distinguish from neoplastic 
osteoid (6,7). 

Unfortunately, the accurate diagnosis of 
a material as osteoid is one of the major 
problems among bone pathologists, since 
there is no single histologic method that 
clearly identifies osteoid from hyalinized 
collagen (8). The same difficulties 
encountered by the light microscopy were 
faced with electron microscopy. (9). 
Ghadially and Mehta found that the 
fundamental units comprising the matrix 
of bone, cartilage, or fibrous tissue as 
well as their malignant tumors, are 
essentially similar since they show 
collagen fibers and fibrils set in 
mucopolysaccharide matrix (10). It was 
found that the most important sm-qua-non 
feature of osteoid is its ability to become 
mineralized by hydroxy apatite crystals 
which are not always identified in these 
lesions (10). 

Bone matrix consists of type I collagen 
in addition to four non collagenous 
protei ns (ostcopontin, bone , si^loprotein, 
osteocalcin and___^tconectin) (11). 
Osteonectin (32Kda) is a bone specific 
phosphorylatcd glycoprotein. Because its 
concentration is supposedly 500 to 1000 
onu s in bone than in other tissues; it is 
thought to be a good marker tor osteogenic 
lesions (5). Osteonectin is formed by cells, 
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which possess the morphologic phcnolype 
of osteoblasts and is believed to be a 
functional differentiation marker of 
osteoblastic lineage (5,12). It is greatly 
involved in the early steps of osteoid 
maturation and mineralization (5,13) by 
selectively binding type I collagen and 
hydroxy apatite crystals and controlling the 
sizfc and speed of crystal formation and J^- 
deposition (11). 

Therefore, on this structural basis, a 
reliable immunohistochemical marker 
that would identify tumor cells that are 
capable of producing neoplastic bone 
and\or that would help to distinguish 
neoplastic osteoid from cartilage and 
collagen would be especially helpful in the 
diagnosis of OS. Immunohistochemical 
techniques using antibodies directed 
against different types of collagen did not 
prove helpful in separating 
cartilage-forming, bone- forming, and 
fibroblastic tumors (14). Recently, isolation 
of antibodies against bone-specific, 
non-collageiious matrix proteins such as 
osteonectin became possible for practical 
use (15-18). 

The present woik was designed with the 
aim of studying the degree of accuracy and 
validity of osteonectin as a tumor marker 
for diagnosis ot OS f that can distinguish 
cells of osteoblastic phenotype from other 
mesenchymal cells and also neoplastic 
osteoid from other types of matrix such as 
cartilage or hyulim/cd collagen. 

Material and Methods: 

The material of the present study 
included biopsy .pecimens from 25 cases 
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or OS Fifteen were collected from the tiles 
of Pathology Department, Faculty of 
Medicine. Alexandria University and ten 
were prospective. Clinical and 
radiological data of all cases were 
available. Fine needle aspirations (FN A) 
from 7 cases of OS were included among 
the prospective examinations. As control 
lesions, eleven nonosteogenic bone tumors 
w ere included: conventional 
chondrosarcoma (two cases), mesenchymal 
chondrosarcoma, periosteal 
chondrosarcoma, malignant fi hrous 
histiocytoma of bone (MFH) (one for 
each). Ewing's sarcoma (two cases) and 
giant cell tumor of bone (four cases ). 

For light microscopic and immunohisto- 
chemieal staining, the surgical specimens 
were fixed in 10% buffered formalin, 
decalcified in 507r formic acid and 5Vr 
citric acid (whenever needed), and 
embedded in paraffin. Sections of 5-um 
thickness were prepared tor staining with 
hematoxylin and cosin stains and for 
immunohisTochcmical staining. 

All lesions were examined 
radiologically prior to performing FN A. 
When soft tissue component was present, 
or when the cortex was completely 
destioyed, 23-25 guage fine- needle was 
used. In other lesions, a Weseou needle 
was utilized. Fine needle aspirates were 
fixed in L )5% alcohol for both hematoxylin 
and cosin stain and inimunohistochemieal 
staining. 

Monoclonal osteonectin ami body 
commercially available as IgG. ci-mc OC1 
w as used ( Hematologic Technologie.N Inc). 
I in mu noliistochcmical stain; n was 
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accomplished by the avidin-biotin- 
peroxidase complex method of Hsu et al 
(19). The depaiaffinized slides were 
incubated overnight with the primary 
antibody in a dilution of 1:50 at 4 C. 
Sections of human callus tissue were 
included as positive controls. 

The results of osteonectin immuno- 
staining in the present study were graded 
for tumor ceil cytoplasmic staining and 
matrix staining on four- tiered grading 
system suggested by Fanburg-Smith et al 
(6): 14- = focal (<50%) weak; 2+ - focal 
strong; 3+ = diffuse (>507r) weak; 4+ = 
diffuse strong. Negative immunoreactivity 
was graded as 0. All scores greater than 0 
were interpreted as positive results. 

Results 

Clinical analysis of patients: 

The material of the present study 
included 25 patients of osteosarcoma whose 
ages ranged from 1 1 to 36 years old (mean 
= 14.3). Sixteen patients were males with a 
sex ratio of FX: I All patients were 
presented with pain (1.5-6 months). 
Eighteen patients complained of mass, and 
one was presented with pathological 
fracture. 

The affected bones included the 
metaphysis of lowei lemur (nine; 36%), 
upper tibia (live; 20'/; h upper humerus 
(three; 127c), upper femur, upper fibula, 
and lower radius uwo for each; S9f), 
midshaft femur and mandible (one for each; 
4%). 

Imaging findings: 

Radiological e\ a mi nation of 
conventional OS i c\ ealed destructive 
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tumors arising from the medulla: y cavity oi 
long hones and invading the ^«>ite\ and 
surrounding sort tissues. Llevcn lesions 
were osteoblastic and 1* were mixed 
osteolytic/osteoblastic with sunr.iy pattern 
of new bone formation (Fig 11..?). One 
case of periosteal OS showed 
saucer-shaped osteolytic lesion in the outer 
cortex oi upper tibia with intact medullary 
cavity. 

// is to p ath o logi cal and im m una h is i a - 
chemical results: 

The present study included 25 cases ot 
OS diat were subclassificd into 23 
conventional intramedullary OS. one low 
grade well differentiated intraosseous OS, 
and one periosteal OS. Conventional 
intramedullary OSs were subdivided 
according to the predominant pattern into 
12 osteoblastic OS. three t'ibiohlastic OS, 
three chondrobtastic OS. two malignant 
fibrous histiocytoma subtype of OS, and 
one for each of giant cell rich OS. spindle 
cell type of small cell OS and telangiectatic 
OS. 

An ti osteonectin ant i body was 
imnumoreactive in all cases ol OS ( \WY7c). 
All variants of OS demonstrated positive 
eell-cytoplasmic and matrix staining with 
variable intensities. 

Twelve cases of osteoblastic OS were 
encountered in the present study (ligl:3,4). 
Imniunostaining of osteoblastic OS for 
osteonectin revealed intense positive 
cvtopiasmic staining of malignant 
osteoblasts (4+). Areas of newly formed 
osteoid at osteoid scamcs. lace like osteoid 
and osteoid at the mineralization front 
,fi owed intense positive staining. (4+), 



whereas areas ot old osteoid showed weak 
diffuse staining i.U i. Mineralized osteoid 
and bone were negative (0). dig 2:1-4). 

FNA from seven cases of osteoblasts: 
OS revealed highl> cellular smear formed 
of pleomorphic population of cells with 
focal faint eosinophilic osteoid in between 
(lig 1:5,0). Inimunosiaining lor osteonectin 
revealed ditlusc weak staining in different 
types of cells including polyhedral, spindle 
shaped, and mouonucleated and 
multinucleated tumor giant cells (3+K 
Intense positive staining of osteoid matrix 
was also evident (4+) dig2;5,f>). 

Immunostaining of three cases ol 
fibroblastic OS for osteonectin revealed 
diffuse strong cytoplasmic staining of 
tumor cells (4~i. and negative staining of 
intervening collagen fibers (0). Some fieids 
of the tumor showed weak diffuse 
cytoplasmic posit i vity (3 + ). Positive 
staining of disci etc foci of osteoid matrix 
(2+) was also observed (lig3:l,2). 

In the same lime, immunostaining of 
three eases ol cr.otulroblaslic OS revealed 
diffuse weak cytoplasmic positivity of 
chondroblaxtic cells (.3+) and negativity of 
chondroid matrix (0). Other few 
osteoblastic uelds revealed positive 
cytoplasmic and matrix staining (2 + ) 
(fig3:3.4). 

The histopathologic features of A//7/ 
subtype of OS were similar to those oi 
pleomorphic Mi ll. Imniunostaining for 
osteonectin revealed diffuse strong 
cytoplasmic positivity in fibroblastic 
spindle cel^ (3 + ), histiocyte-like 
polyhedi al * ells (4+), bizarie 
mononuclear ! .md multinucleated tumor 
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Fig l 

- CT scanning of ostci ■K.utic OS of the ttbu showing :i: ir rcntial soft 
tissue invasion hv 'urr.o: (i.vsue. 

- Radiogiaph o| oMooh|a;iic OS of lower end fenuir Miou >i i I. -list pattern 
of" new bone toim.it]>o 

-Osteoblastic OS >!k v.uu: spindle shape J to polyhcdi il • .n i cells with 
hyperchrom.it ic aivp^.tl nik.lei and intervening wide .n^i. ■ osteoid with 
focal miner.ili/ai'.or. f I [- O>0) 

- Osteoblastic OS sliow.iv love- like osteoid. (HcfcHx3<X)) 

- FNAofOS nIiowhii: pleomorphic population ot cells (HAt ^"0') 

- HPV of FNA 1. 1 OS showing polyhedral, spindle > i i; >.• 1 cells, and 
mononucleuted and Multinucleated tumor giant cells. {H^O v n)> 
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Fig. 2 Osteobl.i.iu 
I - Intense osler.no 
matrix, (ijinnun* 

2- Intense oste< >i:e 
(immunostant \ 

3- HPV shown, l- 
mineralized m.i! 

4- Intense ostein' 
minerali/atu n 
(immunostain \ 

5- FN A showing 
osteoblastic mm 

6 - FN A show ni;: i 

(immunostaip. \ 



. i< ii id osteoid 



i -.iL'osarcoma 
.mi tinmunostainm^ in tumor u'l. 
•sum * ?<X» 

-•in iminunosLiining, in tumor cell- u.d l.ice-iike osteoid 
; • •().■ 

^:tionectin positive lace-like '^ojd and negative 
;i> Mmmuno.stain x 300) 

\lm immuROstaimnu in osicobl.i -. r and osteoid at the 
lj'>;il and diffuse weak stainiiu' ■ 'Id osteoid seams. 
;.->tj. 

■^:*'nneftin immunostamm^ in >|i.::Jle and polyhedral 
. > . j [Is as well as tumor giant cells ummunostain x 5(X)) 
osteonectin immunostain: nr in osteoid matrix. 

1(H)) 
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Fig 3 

- fibroblastic OS showing spindle cells arranged in heiring hor.c pattern with 
intervening fib: dbay collagen matrix and focal osteoia 1 Ji^H x3<K)> 

- fibroblastic OS showing intense osteonectin innnuiii >>l.:u: :n i._ in tumor cells 
and negative collagen fibers (immunoslain x 3<X>) 

-chondroblaslic OS .-bowing chondroid differentiation with local osteoid. 
(H&Ex 300) 

-chondroblaslic OS showing weak diffuse osteonectin .mmunostaining in 
tumor cells and negative chondroid mati'ix .(immunostai:i * MKM 

- MFH subtype ol OS showing pleomorphic population ■: ^ciU arranged in 
s Uniform pattern ilhV H\2(X)) 

-MFH of subtype of OS showing osteonectin irnnvjn. ;;:ng m spindle 
cells, polyhedral Le.li>. bizarre tumor giant cells an ; ; t ■ tjn giant cells, 
(immunostain x s, ;o> 
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giant cells, and totoun giant cells (4+). cytoplasmic siauung (3+) as well as weak 
Weak focal osteoid matrix positivity was focal positive staining of osteoid matrix 
observed (1+). (fig 3:5,6) (1+), whereas negative staining of 

Iminunostaining of one case of giant cell mineralized matrix and collagen fibers was 
rich OS for osteonectin revealed strong evident (0) (lig5: 1,2). 

positive cytoplasmic staining of osteoblastic Periosteal OS was encountered in the 
malignant cells (4+). Osteoclastic giant cells present study in one case. The tumor was 
were totally negative (0). <fig4: 1,2) formed of malignant chondroid lobules 

Histopathologic examination of one arranged in parallel fashion perpendicular to 
case of small cell OS revealed a cellular the cortex. The lobules were separated by 
tumor formed of closely backed spindle spindle cells, Fine lace-like osteoid was 
shaped cells displaying little visible present in the central portion of the lobules 
cytoplasm with distinct cell borders. The giving a feathery appearance, as well as in 
nuclei were generally oval and small, but between the peripheral spindle cells, 
size did vary moderately. Few areas of Immunohistochemical staining of 
narrow osteoid formation with focal osteonectin revealed positive cytoplasmic 
mineralization surrounded by the spindle staining of spindle shaped cells at the 
cells were found, Immunostaining for periphery of the lobules (4+) and malignant 
osteonectin revealed intense positive chondroblasls at the central portion (+3). 
cytoplasmic staining of small spindle Fine lace-like osteoid at the center and 
osteoblasts (4+) and the little tumor osteoid periphery of the lobules was intensely 
(4+). (fig4:3,4) positive (4+) but the chondroid matrix was 

One case of telangiectatic OS revealed negative (0)(lig5:3-5). 
multiple vascular spaces surrounded by Immunostaining of control cases of 
osteoblastic tumor cells. Immunostaining conventional chondrosarcoma for 
for osteonectin revealed diffuse intense osteonectin revealed weak focal 
cytoplasmic positivity of the spindle shaped cytoplasmic reactivity only in malignant 
tumor cells (4+). Strong positive staining of chondrocytes in the vicinity of mineralized 
intervening osteoid matrix was detected central /one ' . 1+) in one out of two cases 
(4-r) (fig4:5,6). (fig5:6). Lacunar chondrocytes at the 

Histopathologic examination of single periphery of the lobules as well as spindle 
case of law- grade well -differentiated shaped cells were totally negative. No 
uitra-osseous OS revealed tumor tissue matrix staining was observed anywhere in 
formed of spindle shaped cells with slightly the tumors ((>). 

atypical nuclei and collagen fibers in The other nine control tumors including 
between. It showed multiple osteoid mesenchymal chondrosarcoma, periosteal 
trabeculae with central mineralization chondrosarcoma, giant cell tumor, MFH. 
surrounded by tumor cells Immunostaining and Ewing's sarcoma showed total 
for osteonectin revealed diffuse weak cytoplasmic and matrix negativity (0). 
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Fig 4 

- Giant cell rich )S showing many osteoclastic iimni celh scattered between 
spindle shaped osteoblasts. (H&Ex2(KJ) 

- Giant cell rieli OS showing intense osteonectin itnnuinusTaiii in osteoblastic 
tumor cells and tiL-gative osteoclastic giant cells f ; mrnuiiostain x4(K)> 

- Small cell ( )S lowing small spindle shaped celU ilLtl*x3(H» 

- Small cell OS shewing intense osteonectin immun^st aming in tumor cells 
and scanty osteoid matrix, (immunostain x2(H)'i 

-Telangiectatic OS showing many vascular spa. c lined by the tumor cells. 
(H&Ex 100 > 

- TelangiectaM. •. »S showing intense osieonecii;i inwrujiiostaining in tumor 
cells and infer ening osteoid matrix. Oinmim , .\20<ii 
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Fig 5 

-Well Jii U\ -eniiated intraosseous OS showing .-pmdle shaped cells and 

intervening collagen fibres and osteri i Uabercula with central 

mineralization (H&Ex200) 
-Well ditteieniiated intraosseous OS showing osteonectin immunostain in 

tumor cell> and osteoid trabecula, but negative ruining of collagen fibers. 

(immunosi iin x2(X)) 

- Periosteal ( >S showing lobules of chondroid di :\ e initiation with central and 
peripheral nueuid. (H&Ex80) 

-Periosteal ( )S showing osteonectin immuno: - : aming in peripheral spindle 
cells and intervening osteoid, but negative Ji.-n.irojd matrix, (immunostain 
x2()0) 

- Same ca.se showing intense osteonectin immLinostaining in central lace- like 
osteoid t un;:iunostain xl(K)) 

- Convent ii •n d chondrosarcoma showing osteonectin iminunostaining in 
tumor veil, ie;]y at the vicinity of mineral v/.r. :^:\ i immunostain x2(K>) 
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Discussion 

The constellation of different 
histopathologic patterns of OS, not only 
among tumors but also from one 
microscopic field to the next, has been 
emphasized and delineated by Yunis and 
Barnes, allowing wide subciassificaiion of 
OS (20). In addition to histopathologic^! 
variations, these subtypes show behavioral 
and radiological differences despite the fact 
that they all share the appellation of OS. 
The critical importance of this 
subciassificaiion is that one must be aware 
of. and become familiar with the 
histopathologic variants if major diagnostic 
errors are to be avoided. 

OSs produce tumoi osteoid as 
extracellular matrix (ECM) which 
comprises the microscopic hallmark of 
these tumors. It can be difficult to 
differentiate tumoi osteoid from other 
ECMs produced by intra- or extraskeletal 
tumors, so the problem of differentia! 
diagnosis arises. Conventional and special 
stains provide a mean to increase the 
reliability of the differential diagnosis, but 
do not identify the type of tumor 
conclusively as they only reflect 
physiochemical features and do not identify 
the molecular components of the tumor 
matrix. The key solution of this 
clinicopathologic problem is the 
iimnunohistoehcmical use of antibodies 
against bone matrix components such as 
osteonectin (21). 

Oste onec tin is an adhesive mat rix 
glyeoj WHci n. which is present in active 
osteoblasts and o>u "progenitor cells as 
well as in young oncocytes but not in 

JMRI Vol. 22 No. .' /■ '<:■!■ 



ouiescent inactive ostcoeytes (Id), The 
inn av eiiular distribution of osteonectin in 
active osteoblasts is found as a faint 
im nm no labeled substance in vesicular 
Ciolgi fields and some lamellae of rough 
endoplasmic reticulum. Intensive labeling 
occurs in opaque cytoplasmic vesicles 
pointing to the extracellular secretion as 
some of the vesicles are connected with the 
basal ceil membrane. Extraccllularly, 
osteonectin binds first to the deeper layer of 
osteoid maturation with intensity increasing 
at the minerali/alion front (I?). The role of 
osteonectin in mineralization and 
osteoblastic differentiation is believed to be 
affected by various growth factors and 
cytokines (22). 

Since the production of osteonectin 
depends on the functional status of 
osteoblasts (If)), no homogenous 
iminuhohistochemical staining of all tumor 
cells and surrounding matrix should be 
expected. It was therefore necessary to 
examine various types of OS as regards the 
ability of tumor cells to produce 
osteonectin. 

in the present study ost. e* uieciin 
antibody was immunoreacti ve in iOO'/r of 
collected cases of OS. Osteone-iin was 
expiessed at least locally in the cviopiasm 
of malignant osteoblastic cells m all OS 
variants. Immunoreactivi ty o ; < >steoid 
malicx for osteonectin was positive m all 
cases with variable intensities ;C . triable 
fields The maximal intensity wa> ■ »hservcu 
in the deeper layer of osteoid mamratioa ai 
The mineralization front which is ■ m.iiar to 
t!ie :epo!tcd pattern of immune m: m ng of 
osteonectin studied in norma! * e elastic 
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bone niairix i ! 3) "Hie overall scnsitiviiy of 
osteonectin antibody was l()(V7r when 
minor ceil cytoplasmic staining anil matrix 
staining weie evaluated together This 
result is similar to that reported by other 
authors (5.6.17,23). In the present study. 
\[)07r of FN A of OS revealed positive cell 
cytoplasmic and matrix immunoreactivity, 
which emphasizes the importance of 
osteonectin antibody in the diagnosis of OS 
by this semi- invasive and easy technique. 
To my knowledge this is the first study 
dealing with osteonectin immunoreactivity 
in FN A of osteosarcoma. 

In the present study, one control case of 
conventional chondrosarcoma revealed 
focal faint cytoplasmic staining in 
chondrocytes surrounded by mineralized 
bone matrix. A similar finding was reported 
by Jundt ct al who emphasized that only 
chondrocytes surrounded by mineralizing 
matrix containing type I collagen showed a 
positive reaction to osteonectin antibody 
(12). Chiba ct al reported a similar 
observation explaining that osteonectin 
plays an important role in calcification of 
normal and neoplastic cartilage tissue (24 ? 
Osteonectin immunoreactivity for other ten 
control cases of nonostcogenic tumors 
revealed negative staining. This finding 
was similarly reported by other authors 
who asserted negative staining for 
osteonectin in conventional and 
mesenchymal chondrosarcoma, Ewing's 
sarcoma, fibrosarcoma, and MFM 
(12,17.25-2 7 ■ These findings intensify the 
value of osteonectin antibody in the 
differentia! diagnosis of osteosarcoma fiom 
non- osteogenic bone tumors. 



Oppositely, other authors reported 
different results showing posit: vc staining 
for osteonectin in nonostcogenic tumors 
including non bone-forming tumors, such 
as, chondrosarcoma, giant cell tumor, 
MFH, and Ewing\s sarcoma a> well as 
melanomas, carcinomas, and lymphomas 
(b.lS,2S-30). Metsaranta et al attributed 
these results to the effective presence of an 
osteoblastic component within the tumor 
cells or to the re-establishment of fetal 
functional characteristics in the neoplastic 
phenotype (31). Serra et al related them to 
differences in the antibody concentration 
and in the immunohistochemical methods 
(25). Therefore, authors conciude.il that 
osteonectin antibody is not specific for OS 
cells as regards the cytoplasmic positivity. 
However, they found that chondroid matrix 
and extracellular collagen, which may 
mimic osteoid when examined by the light 
microscopy, did not react with osteonectin 
antibody in any of the tumors. Similarly, 
the) reported that osteonectin antibody 
helps to distinguish neoplastic osteoid, 
which is essentia] for the diagnosis of OS 
{fUX.25,28-30). 

In the present study, fibioblastic OS 
revealed strong diffuse cytoplasmic 
immunoreactivity to osteonectin. Fields of 
local weak cytoplasmic staining may be 
explained by the postuiation of Ferguson 
and Yunis that spindle shaped cells in areas 
of fibroblastic differentiation of OS may 
represent noni unction i ng or resting 
osteoblasts that have los- the organelles 
essential for matrical proiein synthesis and 
have assumed the spindle 
characteristic of fibroblast 
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Among die various difficult bone tumors 
to diagnose, MFH-subtypc of OS remains 
the most confusing entity. It is virtually 
indistinguishable from malignant fibrous 
histiocytoma (MFH) of bone or soft tissues, 
as a result of which, diagnostic errors of 
considerable therapeutic significance can 
ensue. Although both arc high-grade 
sarcomas, therapeutic modalities, especially 
with respect to cheniotherapeutic protocols, 
may differ (32). 

Authors had clearly distinguished 
primary MFH of bone from MFH subtype 
of OS by the presence of neoplastic osteoid 
or woven bone in the latter and their 
absence in the former (32). This neoplastic 
osteoid must be differentiated from reactive 
osteoid which shows prominent monolayer 
of benign osteoblasts rimming it. Authors 
also reported that highly malignant ceils of 
OS may develop the properties of 
histiocytes. Thai is to say, a malignant 
tumoi in which histiocyte- like cells 
produce osteoid or hone is an OS of the 
MFH subtype (33). In the present study, 
this finding was documented not only by 
the use of conventional histologic 
techniques, but also by aecujate 
immunohistochemical detection of osteoid 
and osteoblasts using osteonectin antibody. 
Balance el ai had emphasized that the 
extraosseous component of MFH subtype 
ol OS is devoid of osteoid or bone, and thus 
could not be identified form MFH of bone 
or soft tissues (34). The osseous 
component, however, contains an abundant 
of tumor osteoid and woven bone in all 
cases, a finding which was explained by 
Yosbikawa •*; ai hv the fact that bone 



milieu- possibly bone morphogenetie 
proteins - may be influential in the genomic 
programming of selective tumor cells to 
synthesize osteoid (35). This finding 
emphasizes the difficulties that may be 
present in a limited biopsy specimen, or 
fine needle aspirate from the soft tissue 
component of MFH subtype ol" OS, as well 
as the importance of using osteonectin as a 
tumor marker for solving such diagnostic 
problem by detection of minimal amounts 
of osteoid and identification of osteoblasts 
(34). 

Giant cell rich OS is a subgroup of OS 
that is difficult to differentiate from giant 
cell rich malignant fibrous histiocytoma 
(n). In the present study the positive 
immunoreaeti vity of tumor cells for 
osteonectin antibody helped to confirm the 
osteoblastic nature of these cells. 
Osteoclastic giant cells showed total 
negativity for osteonectin antibody. 
Fanhurg-Smith et al. however, reported 
nonspecific staining of osteoclastic giant 
cells in these tumors and in giant cell tumor 
of bone (6). Hasegawa et ai reported similar 
finding and referred this to the 
phagocytosis of bone matrix ny osteoplasts 
;3eo. 

Small cell OS is another distinct clini 
eopathologic entity within the class of 
high-grade OS. Sim et a! believed that the 
prognosis could be worse than the 
prognosis for conventional OS (37). 
The liistopalhologic fenturvs of small 
cell OS of the present study were similar to 
thai reported by many auih < =37-39). It 
mav be critical to the dia-:n usis if the 
biopsy material does not e l\ include 
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osteoid matrix (4i>.4l ». In such a condition, 
the differential diagnosis of spindle cell 
type ol small cell OS includes the spindle 
cell pattern seen in monophasic synovial 
s a r co m as. and me s e nc h y in a 1 
chondrosarcoma. Both tumors, however, 
lack osteoid formation by the malignant 
cells (41). Inimunohistocheniieal staining 
using osteonectin antibody could be of help 
by verifying the histogenetic type of these 
spindle cells as osteoblasts. The focal lower 
yield of cytoplasmic reactivity to 
antiosteonectin antibodies suggests that 
these cells produce non-eollagenous bone 
proteins in undetectable amounts, or 
perhaps they do not produce them at all. 
Similar findings for immunoreacti vity of 
small cell OS have been reported in the 
literature (0.25,40,41.). 

Low-grade. w c 1 i - d i f f e r e n ti a t e d 
intraosseous OS is a rare subtype. It is 
sometimes difficult to recognize it as a low- 
grade malignant lesion. It has a better 
prognosis so that it is worthwhile to 
differentiate it from the more malignant 
varieties of intraosseous OS. Differentiation, 
from other henign intraosseous lesions with, 
which it can be. confused easily, especially 
fibrous dysplasia, is mainly histologic ant? 
depends on identification of nuclear atypia. 
hyperceiluhuity and bone marrow and 
periostea! invasion which are constant 
lectures of low grade osteosarcoma and are 
never observed in fibrous dysplasia 
(42-45). 

Periosteal OS, which is a distinct entny 
is an exlrcineiv rare bone tumor (I). The 
prognosis o* periosteal OS is much better 
than that ol u >n volitional intramedullary OS 



and high grade suriace OS i4(\47>. The 
differential diagnosis could be a problem 
when the latter show-, piedominant 
chondroid differentiation. Similai to the 
finding of the present study. Okada et al 
reported that the most important diagnostic 
feature of periosteal OS is the 
perpendicular arrangement of chondroid 
lobules and fine lace-like osteoid, winch is 
present most often in the center of the 
lobules or among peripheral spindle cells 
(47). In the present study, the positive 
immunoreactivity of the centra! lace-like 
osteoid matrix and the cytoplasm of the 
peripheral spindle-shaped osteoblasts 
confirmed the osteoblastic origin of the 
tumor and helped to differentiate it from 
periosteal chondrosarcoma that showed 
total negativity of ehondroblastic cells and 
matrix. The same landings were reported by 
Franchi et al (23). 

In conclusion. Osteonectin is a 
sensitive and specific marker for 
osteoblastic cells and osteoid matrix, 
which arc essential for the diagnosis of 
OS. and therefore it would be 
extremely helpful in identifying them in 
small biopsy specimens and in fine 
needle aspirates. The pathologist must be 
cautious when interpreting small sections 
taken from tumor-soft tissue interface as 
well as from the periosteum since woven 
hone or osteoid at these locations may be 
rcacove rather than neoplastic. Recent 
advances emphasized me rede of 
i > .si e o ne c li n - r a the i than lis s u c 
mineralization- in celi adhesion, migration, 
ditferentiation. and proliferation, as well as 
in angiogenesis (4S-5 !> More recently, 
authors assessed the o ovu'.a'ine tumor 
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burden m osteosarcoma patients by 
semiquantitative reverse transcriptase VCR 
using osteonectin inRNA as molecular 
marker, to monitor tumor dissemination 
and imcrometastasis (52). 
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The DNA microarray technology enables the identifica- 
tion of the large number of genes involved in the complex 
deregulation of cell homeostasis taking place in cancer. 
Using Affymetrix microarrays, we have compared the 
gene expression profiles of highly purified malignant 
plasma cells from nine patients with multiple myeloma 
(MM) and eight myeloma cell lines to those of highly 
purified nonmalignant plasma cells (eight samples) 
obtained by in vitro differentiation of peripheral blood 
B cells. Two unsupervised clustering algorithms classified 
these 25 samples into two distinct clusters: a malignant 
plasma cell cluster and a normal plasma cell cluster. Two 
hundred and fifty genes were significantly up-regulated 
and 159 down-regulated in malignant plasma samples 
compared to normal plasma samples. For some of these 
genes, an overexpression or downregulation of the 
encoded protein was confirmed (cyclin Dl, c-mjc, 
BMI-1, cystatin c, SPARC, RB). Two genes over- 
expressed in myeloma cells (ABL and cystathionine beta 
synthase) code for enzymes that could be a therapeutic 
target with specific drugs. These data provide a new 
insight into the understanding of myeloma disease and 
prefigure that the development of DNA microarray could 
help to develop an 'a la carte' treatment in cancer 
disease. 

Oncogene (2002) 21, 6848-6857. doi: 10. 1038/sj.onc. 
1205868 

Keywords: myeloma; plasma cell; DNA microarray; 
c-myc; abl; cystathionine beta synthase 



Introduction 

Accumulating evidence has suggested that the trans- 
formation of a normal plasma cell into a malignant 
myeloma cell is a multiple-step process (Bergsagel and 
Kuehl, 2001; Hallek et al.. 1998). Genotypic changes 
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are found in 60% of patients at diagnosis by 
conventional karyotyping and in up to 90% of patients 
by FISH analysis. Some of these genetic abnormalities 
have been identified. Overall there is a rearrangement 
of the 14q32 (IgH) locus in 60% of patients, Q-myc in 
15-50%, cyclin Dl in 20%, FGFR3 in 10%, cyclin 
D3 in 5%, as well as other genes not yet identified. In 
addition, 40% of multiple myeloma (MM) cases 
display monoallelic deletions of chromosome 13 in 
association with the loss of one retinoblastoma allele. 
Mutations of the K-ras and N-ras genes are found in 
50% of the patients at diagnosis and p53 monoallelic 
loss in 20%. Phenotypic changes have also been 
described such as the loss of CD 19 and aberrant 
expression of CD56. Moreover, the bone marrow 
environment is highly activated in MM, as evidenced 
by a high stimulation of neoangiogenesis, a production 
of myeloma cell growth factors such as IL-6 (Klein et 
al., 1995), a production of IL-6 inducers such as IL-1 
(Costes et al., 1998), and stimulation of bone 
resorption. This abnormal hyperactivation of the bone 
marrow environment in patients with MM is the result 
of synergistic interactions between the malignant 
plasma cells and specific cells in the tumor environ- 
ment, likely involving various pathways of intercellular 
communication. 

The portrayal of this complex alteration of the 
cellular circuitry and cellular behavior in myeloma cells 
will best be apprehended by the use of DNA 
microarrays. Indeed, gene-expression profiling using 
microarrays allows the simultaneous analysis of multi- 
ple markers and is thus an ideal tool to study the 
global changes that drive a normal cell to malignancy 
(Alizadeh et al, 2000; Thykjaer et al, 2001). We 
recently used nylon cDNA macroarrays and identified 
cytokines and cytokine receptors overexpressed in 
human myeloma cell lines (HMCL) compared to their 
autologous, EBV-transformed B cell lines (De Vos et 
al.* 2001). The recent description by our group of a 
procedure allowing the generation of nonmalignant 
polyclonal plasma cells in patients with myeloma 
provides us with the opportunity to compare the gene 
expression profile of malignant plasma cells direct!} 
with their normal autologous counterpart (Tarte et al- 
2002). Oligonucleotide microarray analysis between 
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eloma cells, polyclonal plasma cells, and B cells can 
Tntifv eenes whose expression was restricted to 
' * C eiis. i.e.. plasma cell genes (Tarte et ai. 
XKP)- Tnis technique also opened the way to a 
" olecular classification of this heterogeneous disease 
Zhan et ai. 2002). In this study, we have analysed 
( nes that are overexpressed or underexpressed in 
myeloma cells compared to normal plasma cells. 
Arnone the numerous genes that have a higher 
expression level in malignant plasma cells, we have 
focused our study on a few genes that encode for 
proteins that could be involved in myeloma biology or 
could be potential therapeutic targets. 



Results and Discussion 

Unsupervised clustering 

The myeloma samples comprised highly-purified 
myeloma cells (>95%) from six patients with 
medullary MM (MM1-MM6), from three patients with 
plasma cell leukemia (PCL1 -PCL3) (Table 1), and 
eight myeloma cell lines (XG-1, XG-5, XG-6, XG-7, 
XG-13, XG-14, XG-16 and RPMI8226). The eight 
normal plasma cell samples were in v/7ro-generated 
polyclonal plasmablastic cells (PPC1-PPC7) and 
highly purified plasmablasts (>99%) from one patient 
with reactional polyclonal plasmacytosis (RP). The 
gene expression profiling of the samples was deter- 
mined with Affymetrix HuGeneFL arrays (6800 genes) 
and the Affymetrix files are available as supplementary 
data (http:/ /www . u4 7 5 . mo n t p . i n se rm . f r / B K / S upp le- 
mentalData.htm). Data were processed as indicated in 
Materials and methods and 3874 genes were retained 
for analysis. The hierarchical clustering method 
delineated two major clusters: one cluster comprising 
the in v/rrogenerated PPC and the RP sample that was 
termed the PPC cluster and a myeloma cluster (Figure 
la). Of note, the three PPCs obtained from myeloma 
patients (i.e., PPC4, PPC5, and PPC6) and from 
healthy donors (i.e., PPC1, PPC2, and PPC3) segre- 
gated together and were intermingled. The myeloma 
cluster was subsequently divided into two subclusters, a 
primary myeloma cell cluster comprising MM1-MM6 
and PCL1 and PCL3 (subsequently called the MM 
cluster) and a myeloma cell line cluster, which 
comprised all HMCLs included in this study and 



___ Table 1 Patient characteristics 

Patient Gender Age (y) Paraprotein Stage Diagnostic Relapst 
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primar) myeloma cells from one patient with PCL 
PCL2 (termed the HMCL cluster). Interestingly, we 
have been able to grow PCL2 cells in vitro - thereby 
generating a new IL-6-dependent HMCL (XG-19)-but 
not PCL1 or PCL3 cells. Principal component analysis 
(PCA) was used as a second unsupervised method to 
classify samples. The first three principal components 
retained 46.6° 0 of the total variance and allowed us to 
display our 25 samples in a space with three 
dimensions (Figure lb). In complete agreement with 
the hierarchical clustering, the PCA method delineates 
three clusters of samples: PPC. MM (MM1-MM6. 
PCL1 and PCL3), and HMCL (HMCL and PCL2). 
Thus both average linkage clustering and PCA 
recognized the different biologically relevant sample 
groups, suggesting that the oligonucleotide arrays 
could indeed apprehend the molecular differences that 
distinguish normal plasma cells from myeloma cells. 

Comparison of gene expression between malignant and 
normal plasma cells 

Gene expression between malignant and normal plasma 
cells was compared with the Mann -Whitney nonpara- 
metric statistical test. Out of the 3874 genes retained in 
the analysis. 250 were significantly (P^O.05) over- 
expressed in malignant plasma cell samples compared 
to normal plasma cells, with a ratio of mean expression 
values ^2. Similarly, 159 genes were underexpressed in 
malignant plasma cell samples, with a ratio of mean 
expression values ^0.5. Tables 2 and 3 (shown as 
supplementary information, http:;/w r w T w .u475.montp.in- 
serm.fr BK SupplementalData.htm) list these 409 genes 
that are significantly overexpressed or underexpressed in 
MM. respectively. In the following, we have focused on 
genes that validated our microarray data, could be of 
major importance for the emergence of the malignant 
plasma cell clone, or could be potential therapeutic 
targets. These genes and their expression are shown in 
Figure 2. 

Altered expression of cell cycle genes in myeloma samples 

Cyclin Dl Cyclin Dl is one of the most differentially 
expressed genes between normal and malignant plasma 
cells (Table 2). The up-regulation of this oncogene is in 
good agreement with the recurrent t(l I;14)(ql3;q32) 
translocation observed in myeloma cells, involving the 
immunoglobulin heavy (Ig H) chain gene and the 
cyclin Dl gene, whereas cyclin Dl is not expressed in 
normal hematopoiesis and lymphopoiesis (Bergsagel 
and Kuehl, 2001). The microarray results were 
validated by the known cytogenetics of our cell lines 
since a t(l I:14)(ql3;q32) translocation has been 
documented in the XG-1 and XG-5 HMCLs (Raynaud 
et a/.. 1993), and a more complex chromosome 11 
abnormality. der( 1 1 )t( 1 ;3; 1 1 ), was reported in XG-6 by- 
spectral karyotyping (Rao et al., 1998). The Affymetrix 
microarray data were also in good agreement with the 
WB analysis that demonstrated a strong cyclin Dl 
expression in XG-1. a weak expression in XG-5 and 
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Figure 1 Unsupervised clustering of normal and malignant sam- 
ples, (a) Hierarchical clustering of 3874 genes based on their ex- 
pression in normal and malignant plasma cell samples. Each 
value represents the difference from the gene median and is de- 
picted according to the color scale shown at the bottom (-8 to 
8 on a log base 2 scale). The cluster dendrogram showing the 
three sample clusters is colored as; normal plasma cells, blue; pn- 



-14 HMCLs. and no expression in the other live cell 
lines (Figure 3a). 

Myc and myc partners The Asymetrix microarrays 
showed a 7.5-fold overexpression of the c-myc gene i n 
myeloma cells compared to normal plasma cells, which 
confirms the frequent overexpression of the c-mvc 
oncogene in myeloma cells reported by others (Shou et 
al, 2000). The low expression of the c-myc gene in 
normal plasma cells is in agreement with the reported 
silencing of this gene during normal plasma cell 
differentiation by PRDI-BF1. We have previously 
found that these in v/rrogenerated normal plasma cells 
expressed PDRI-BF1 (Tarte et al. 2002). Using \VB, 
we have confirmed that eight out of eight of the 
HMCLs overexpressed the c-myc protein, unlike 
normal plasma cells (Figure 3b). The very high c-mvc 
gene and protein expression in RPMI8226 cells is in 
agreement with a reported c-myc-lgL/. rearrangement 
in this HMCL (Avet-Loiseau et al., 2001). In addition, 
we found an overexpression in myeloma samples of 
three other genes, which either encode for proteins that 
cooperate with c-mvc* during oncogenesis (BMI-1 and 
MSSP, c-myc single-strand binding protein) or are 
essential to c-myc function (GCN5L2, general control 
of amino-acid synthesis-like 2). Regarding BMI-1, we 
have confirmed by WB a higher expression in five out 
of eight myeloma samples as compared to normal 
plasma cells (Figure 3c). BMI-1 is an oncogene that 
was first identified because of its cooperation with c- 
myc for lymphoid transformation in vivo (van Lohuizen 
et al., 1991). A recent study has revealed that BMI-1 is 
a transcription repressor that targets the ink4a locus, 
which encodes the pi 6 protein and that BMI-1 
cooperates with c-myc by repressing pi 6 and P19 
ARF. Of note, the pl6 protein is often absent in 
myeloma cells (Ng et at., 1997). Though a promoter 
hypermethylation has been invoked, our data suggest 
that BMI-1 could contribute to pi 6 silencing in MM. 
The second myc partner gene upregulated in myeloma 
samples is MSSP. MSSP is a wye-mediated transcrip- 
tion modulator and stimulates the cooperative 
transforming activity of c-myc with ras. The general 
up-regulation of c-myc and the frequent activating ras 
mutation in myeloma could thus see their transforming 
properties enhanced in myeloma cells by the over- 
expression of MSSP. Finally, the third c-myc partner 
gene upregulated in myeloma samples codes for GCN5, 
a histone acetyltransferase which plays an essential role 
in the transcriptional activity of c-myc. Overall, our 
microarray data highlight a pivotal role for an up- 



rnary malignant plasma cells, orange; HMCLs, red. RP, reactive 
plasmacytosis; PPC, polyclonal plasmablast cells; MM. primary 
medullar myeloma samples; PCL. primary plasma cell leukemia 
(b) Principal component analysis (PCA) of the 1500 genes with 
the highest variation coefficient among the 25 samples. The axes 
represent the first, second, and third components that account 
for most of the variation across the data set Sample color code 
is the same as in (a) 
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Figure 2 Genes differentially expressed between normal and malignant plasma cells. Visualization by Treeview of genes that are 
significantly (except Tyro 3) over- or under-expressed in malignant plasma cell samples compared to normal plasma cell samples 
and that are discussed in the text. Color code for samples is as in Figure 1. Each value represents the difference from the gene mean 
and is depicted according to the color scale shown at the bottom (-6 to 6 on a log base 2 scale). The P-value obtained by the 
Mann -Whitney test and the fold change is indicated for each gene. 1, proliferation; 2, apoptosis; 3, transduction; 4, metabolism; 
5, bone remodeling; 6, cancer, testis antigens 



regulation of the c-myc pathway in MM. It is 
noteworthy that a deregulation of the c-myc gene is 
an obligatory oncogenic event to create a malignant 
plasma cell tumor in mice (Potter and Wiener, 1992). 

Other cell cycle genes We found that the CDC34 gene 
was up-regulated in 11 out of 14 MM samples. Of 
note, this gene has already been reported to be up- 
regulated in acute lymphoblastic leukemia and hepa- 
tocellular carcinomas (Tanaka et a!., 2001). CDC34 is 
a ubiquitin-conjugating enzyme that appears to play a 
Particularly important role in the control of the cell 
c >cle in budding yeast and Xenopus (Michael and 
Newport, 1998). CDC34 is also probably involved in 
the regulation of the cell cycle of mammalian cells, 
given its high conservation in eukaryotic cells. Cut-like 
J (CUTL1). which has a demonstrated role as an 
inhibitor of the p21 cyclin kinase inhibitor (Coqueret et 
a '-- 1998). was also overexpressed in MM samples as 
compared to PPC. Finally, analysis of genes down- 



regulated in MM samples identifies the tumor 
suppressor retinoblastoma (Rb). This lower expression 
could be related to the high incidence of monoallelic 
deletion in MM cells (Juge-Morineau et al., 1995). WB 
confirmed the higher level of Rb protein in normal 
plasma cells compared to MM cells (Figure 3d). Thus, 
though we compared our MM samples to nonmalig- 
nant plasmablasts which still retain a high mitotic 
index (Tarte et al., 2002), in malignant plasma cells we 
found an altered expression pattern of several genes 
involved in cell cycle regulation. 

Altered expression of apoptosis genes in myeloma samples 

Gene alterations leading to increased cell survival are 
frequent in cancer. A striking difference between 
normal and malignant plasma cells is the up-regulation 
of the anti-apoptotic Bcl-2 gene and the down- 
regulation of the pro-apoptotic BIK (Bcl2-interacting 
killer) gene in MM samples. A high expression of Bcl-2 
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Figure 3 Protein expression analysis of cyclin Dl, c-myc, BMI-1 
and Rb in plasma cells. Protein expression analysis of cyclin Dl 
(a), Q-myc (b), BMI-1 (c) and Rb (d) in HMCLs, two PPC sam- 
ples (b-d) and two purified B lymphocyte samples (d) by WB. 
STAT3 expression (a, c-d) or a nonspecific band (b) is showed 
as a loading control. Results of one experiment out of three are 
shown. NS, nonspecific; pprb, phosphorylated Rb; dprb, depho- 
sphorylated Rb. In PPC, a 55 Kd band was usually detected 
due to the crossreaction of the polyclonal goat anti-mouse IgH 
with human IgH. This band is not detected in MM cells that pro- 
duce a monoclonal Ig at a low level compared to normal plasma 
cells (Klein et aL 1995) 



in MM is a well known feature of malignant plasma 
cells (Pettersson et a/., 1992). Since the balance between 
pro- and anti-apoptotic members of the Bcl-2 family 
participates in the cell fate decision between survival 
and apoptosis. modifications of Bcl-2 and BIK 
expression are likely linked to an enhanced survival 
of malignant plasma cells. In addition, several genes 
whose products have been described as conferring 



resistance to apoptosis are also up-regulated in \\\\ 
samples: IER3. heat shock protein 27 <HSP2 7 >, and c- 
1AP2. IER3 is a NF-K'B-indueed protein protecting 
from TNF-a- or FAS-induced apoptosis (Wu el a/.. 
1998). HSP27 is a heat shock protein whose oxer- 
expression protects against various apoptotic stimuli, 
including growth factor removal, at least partly b\ 
interacting with cytochrome c and preventing eyto- 
chrome-c-mediated activation of procaspase-9 (Brue\ 
et aL. 2000). An up-regulation of HSP27 has also been 
observed in prostatic carcinoma and correlates with a 
poor clinical prognosis (Cornford et aL, 2000), c-IAP] 
is a member of the IAP family, which has anti- 
apoptotic properties by inhibition of caspase. Collec- 
tively, we found an up-regulation of genes in myeloma 
samples whose protein products should cooperate to 
increase myeloma cell survival and drug resistance. 

Altered expression of transduction genes in myeloma 
samples 

ABL tyrosine kinase The expression of the tyrosine 
kinase ABL, involved in the Philadelphia chromosome 
in chronic myeloid leukemia, is up-regulated in 
myeloma samples. This is of particular interest since 
a constitutive ABL and myc activation can induce 
plasmacytomas in BALB c mice (Largaespada et aL, 
1992). We took advantage of the recently developed 
ABL kinase inhibitor STI 571 to test whether ABL 
kinase activity is important in MM cell survival or 
proliferation. We found that the STI 571 inhibitory 
concentration necessary to obtain a 50% inhibition in 
MM cell proliferation (IC50) is rather high (5 p\\ in 
XG13 to 20 pM in XG1) compared to the BCR-ABL 
expressing cell line K562 (0.5 /At) (data not shown). As 
a potential link between ABL and gp 1 30 IL-6 
transducer pathways through STAT3 phosphorylation 
was suggested in murine ABL/myc plasma cell tumors 
(Hilbert et aL, 1996), we evaluated the combined effect 
of STI 571 and anti-IL-6 antibodies on myeloma cell 
proliferation. When used alone, an intermediate 
concentration of STI 571 (3 pM) or of the B-E8 anti- 
IL-6 antibody (0.03 /ig/ml) resulted in a minor decrease 
in myeloma cell proliferation (36% and 26%, respec- 
tively), whereas the combination of STI 571 (3 pM) and 
B-E8 antibody (0.03 pg ml) induced a marked (59%) 
and significant (P = 0.0004) inhibition (Figure 4a). 
Thus, when the available IL-6 signal becomes limiting, 
the kinase activity of ABL turns out to be essential. As 
a first clue for the molecular explanation of this 
cooperation between these two signaling pathways. we 
observed that IL-6 stimulation induced ABL phos- 
phorylation in myeloma cells (Figure 4b). This is the 
first model in which IL-6 was shown to induce ABL 
phosphorylation. Further studies are necessary to 
understand the role of ABL in the myeloma cell 
survival mediated by gpl 30 IL-6 transducer activation 
We have shown that anti-IL-6 mAb can block 
myeloma cell proliferation in patients with terminal 
disease (Klein et aL. 1991). More recently, we have 
shown that these anti-IL-6 antibodies might improve 
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Figure 4 Myeloma cell growth inhibition by STI571 and ABL 
phosphorylation by IL-6. (a) The IL-6-dependent XG-6 HMCL 
w as cultured in medium containing IL-6 for 4 days and in the 
presence of 3 of the ABL kinase inhibitor STI571 or 
°-03 ml of the B-E8 anti-IL-6 antibody as indicated. Results 
are tritiated thymidine incorporation mean values ±s.d. of six 
w ells and are representative of three independent experiments. 
*SignificantIy lower values than control </ J = 0.01); ** Signifi- 
cantly lower values than control {P - 0.0004). than STI 3 /A! 
alone f/> = 0.01). and than B-E8 0.03 ml alone (P-() (M)9\ Sta- 
tistical analyses were earned out using a Mann - Whitney test, (b) 
The IL-6-dependent XG-14 HMCL was cultured without IL-6 for 
24 h and restimulated with IL-6 (20 ng ml) for 10 min. Anti-ABL 
'Himunoprecipitates were resolved by "7.5% SDS PAGE, and 
Phosphorylation of ABL was detected b\ immunoblottine with 
a[i anti-phnsphotyrosine antibody BkUs were stripped and re- 
Probed with an anti-ABL antibodv 
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the overall sur\i\al of patients treated with high-dose 
chemotherapy (unpublished results). The present data 
suggest that the ABL kinase inhibitor STI 5"! could 
ha\e clinical benefit in combination with anti-IL-6 
mAb. at least in the patients with a demonstrated 
overexpression of the ABL gene in myeloma cells. 

Tyrol receptor tyrosine kinase RTK family In a 
previous study with ATLAS macroarrays. RT PCR, 
and \VB. we found an overexpression in myeloma cells 
of Tyro3. an oncogenic receptor tyrosine kinase (RTK) 
(De Yos ei aL. 2001). Tyro3 belongs to a family of 
three RTK members, Tyro3 (also termed Rse. Sky. Tif. 
or Dtkh MER (also termed Eyk) and Axl (also termed 
LYo or Ark), which share the same ligand. GAS6. 
Likely due to a lack of sensitivity of the Tyro 3 probes 
in the HuGeneFL chip, we only observed a significant 
expression of Tyro3 by Affymetrix microarray in the 
XG-6. -7. and -14 HMCLs "< Figure 2). which' are the 
samples expected to have the highest Tyro3 expression 
according to our previous immunoblot data (De Yos et 
aL. 2001). However, we observed that a second 
member of the tyro 3 RTK family. MER, was up- 
regulated 5.1 -fold in MM samples compared to PPC. 
The third tyro 3 RTK family member, Axl. was not 
included in our 3874-probe set list. Thus, using various 
techniques, we found that two members of the tyro 3 
TRK family were overexpressed in myeloma cells 
compared to normal plasma cells. These findings may 
be of importance because tyro 3 is an oncogene in 
murine fibroblasts and we recently found that both 
normal and tumor plasma cells highly express GAS6. 
the common ligand of the Tyro 3 RTK family, as 
compared to B cells (Tarte et aL. 2002). Studying the 
role of an autocrine GAS6 Tyro3 receptor family loop 
in the function of myeloma cells is problematic due to 
the lack of commercially available reagents. 

Other transducing elements RhoC is a small GTPase 
that is a transforming oncogene for human mammary 
epithelial cells. Its overexpression is associated with 
inflammatory breast cancer and with metastasis forma- 
tion in melanoma (Clark et aL. 2000; van Golen et aL, 
2000). Our data point to a 8.5-fold increase in RNA 
expression in malignant plasma cells as compared to 
their nonmalignant counterpart. To our knowledge, 
RhoC has never been related to myeloma biology. Its 
high expression could contribute to inflammatory bone 
marrow and the high level of tumor dissemination in a 
majority of MM cases at diagnosis. We also note a 
higher expression of the NFKB2 gene in myeloma 
samples. NFKB2 is a member of the RELNFKB 
family of transcription factors that was first cloned as an 
oncogene involved in a translocation with the IgH locus 
in lymphoid malignancies, including myelomas (Neri et 
aL. 1991). Two genes coding for pre-B cell proliferation 
enhancers were found up-regulated in myeloma 
samples: stromal interaction molecule 1 (STIM1) and 
pre-B-cell colony-enhancing factor (PBEF). These 
factors increase the IL-7-dependcnt proliferation of 
pre-B cells and could therefore play a role in B- 
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lymphoid malignancies, including MM (Oritani and 
Kincade. 19%; Samal et al.. 1994). The most over- 
expressed myeloma gene (63 times higher in MM 
samples than in PPO is frizzled related B gene (FRZB). 
an inhibitor of the Writ pathway. This finding confirms 
our previous study with ATLAS macroarrays and RT 
PCR (De Vos ft al.. 20011. 

Altered expression of metabolism genes in myeloma 
samples 

Cystathionine beta synthase (CBS The oligonucleo- 
tide mieroarray analysis shows that the CBS gene, 
coding for an enzyme involved in methionine metabo- 
lism, is increased 16-fold in myeloma samples. The 
Affymetrix data were confirmed by RT-PCR (Figure 
5a). Due to its localization on chromosome 21, CBS 
expression is increased in Down syndrome (DS) 
associated with trisomy 21, and this CBS overexpres- 
sion could account for the higher sensitivity of DS 
acute myeloid leukemia blasts to ara-C (Taub et al.. 
2000). Interestingly, we found a significant correlation 
(/> = 0.04) between CBS overexpression and ara-C 
sensitivity in our six IL-6-dependent myeloma cell lines 
(Figure 5b- d). XG-1 cells were especially highly 
sensitive to ara-C with an IC50 around 0.6 nM. 
10 000-fold lower than the plasma ara-C concentration 
achievable in vivo with clinical protocols (Taub et al., 
1996). This observation encourages reconsideration of 
the use of ara-c in the treatment of patients with MM. 
This drug did not show any clinical benefit in this 
disease while its toxicity was high (Kantarjian et al., 
1984),, However, as the fraction of proliferating 
myeloma cells is low in patients with MM. a 
continuous administration mode could be interesting 
to induce an antitumor effect, at least in the subset of 
MM patients with CBS gene overexpression. 

Phosphofructokinase isoform (PFKM) The PFKM 
gene is overexpressed 10 times in MM samples. PFKM 
is a rate-limiting enzyme in glycolysis and should 
contribute to myeloma cell oncogenesis since cancer 
cells rely on glycolysis for energy, even in the presence 
of oxygen, a phenomenon called the Warburg effect. 
This increased PKFM gene expression and subsequent 
altered glycolysis in myeloma cells is likely related to 
the myc pathway deregulation discussed above. Indeed, 
PKFM gene expression can be induced by c-myc in 
fibroblasts (Osthus et al., 2000). The possibility that the 
PKFM gene is a target of the deregulated c-myc 
pathway in myeloma cells is emphasized by the very- 
tight correlation (Pearson's correlation coeffi- 
cient =0.847, J P = 4.10" 8 ) between c-myc and PFKM 
gene expression among the 25 samples. 

Other metabolism genes Two genes with increased 
expression in myeloma samples encode enzymes 
involved in nucleoside metabolism and their over- 
expression has been linked to malignancy the 
nucleoside triphosphate synthesis gene nonmetastatic 
cells 4 (NME4). which is detected in diffuse astro- 



cytomas but not in normal brain tissue (Huang t -t al. 
2000). and the purine metabolism gene guanine- 
monophosphate synthetase (GMPS). whose mR\\\ 
and protein expression are higher in leukemia cell lines 
and lymphoblastoid lines than in nontransformed. 
nonprohferating cells (Hirst et al.. 1994) 

Genes involved in metastasis or bone remodeling 

Secreted protein acidic and rich cystein SPARC 
SPARC is a secreted, multifunctional, extracellular 
matrix glycoprotein which inhibits cell adhesion and 
activates MMP2. SPARC expression is linked to an 
invasive phenotype in glioblastomas and was shown to 
be necessary for metastasis of melanoma cells in vitro 
and in vivo (Ledda et al.. 1997). Thus SPARC could be 
related to the spreading of MM cells in vivo: the 
observation that this gene is more expressed in our cell 
lines than in primary myeloma samples is in agreement 
with this hypothesis (Figure 2). 

Lcgumain and cy statin C Unexpectedly, the gene 
coding for the cystein protease legumain PRSC1 was 
increased 12-fold in MM samples as compared to PPC. 
This gene was recently cloned as an inhibitor of 
osteoclast activity and bone resorption (Choi et al.. 
1999). which seems counterintuitive in a bone 
destructive disease. However, cystatin C. the most 
potent inhibitor of cystein proteases including lcgu- 
main, is one of the most highly up-regulated genes in 
MM samples (50-fold). We confirmed the mieroarray 
data by WB and immunohistochemistry for cystatin C 
and by RT PCR for legumain (data not shown). One 
can speculate that legumain expression is a negative 
feedback loop arising in myeloma bone marrow where 
excessive osteoclast activity is occurring, but that 
myeloma cells disrupt this regulatory circuit by 
expressing cystatin C at a high level. 

Cancer testis tumor antigen genes 

The expressions of MAGE Al, A2, and A3 as well as 
NY-ESO-1 and SSX2 genes were increased in MM 
samples. These genes have a normal expression 
restricted to testis but display an aberrant expression 
in numerous tumor types, including myeloma (Pellat- 
Deceunynck et al., 2000; Tarte et al.. 2002). 



Conclusion 

Despite recent molecular advances in the knowledge ol 
MM, we are still far from a complete description of the 
biology of this cancer. This study demonstrates the 
power of the mieroarray technology to identify genes 
deregulated in malignant plasma cells provided that 
normal plasma cells can be obtained. We used in vitro 
generated plasmablastic cells, whereas in a recenth 
published work. Zhan et al. (2002) used bone marrow 
plasma cells from healthy individuals. A quarter of the 
genes overexpressed in myeloma cells found in the 
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Figure 5 CBS expression and in vitro sensibility to ara-C in 
HMCLs. (a) RT-PCR analysis of CBS was performed on cDNA 
from HMCLs and purified PPC samples Amplification of 02-M 
shows the equivalence of the cDNA loading and amplification. 
Data are representative of two independent RT-PCR assays, (b 
and ci In vitro sensibility to ara-C in the XG-1 and XG-6 HMCLs 
w as measured by incubating cells with IL-6 and increasing con- 
centration of ara-C for 4 days, before measurement of tritiated 
th>midine incorporation. One point without IL-6 and without 
ara-(. was included. One experiment representative of three is de- 
tailed. Results arc mean values ±s .d. of triplicate wells and are re- 
P r escntaii\e of three independent experiments. CBS expression 



present study were also identified in Zhan's study. The 
fact that the other genes were not retrieved in common 
may be explained by distinct statistical methods and 
different sources of normal plasma cells. Zhan et aL 
(2002) used only statistical tests to select genes 
differentially expressed between malignant and normal 
plasma cells. In the current study, we used a 
combination of one statistical test and the ratio of 
the mean expression in malignant and normal plasma 
cells. Indeed, a difference in expression for a given gene 
between malignant and normal plasma cells should be 
taken with caution if there is a significant P-value but 
only a minor change in the mean ratio. We chose a 
minimal ratio of 2 which was established as the 
approximate limit of sensitivity for Affymetrix oligo- 
nucleotides microarrays (reviewed by Su et a/., 2002). 
The source of normal plasma cells is also important. 
For instance, most proliferation and metabolism genes 
identified as myeloma genes in the study from Zhan et 
ai (2002) were not found in our study because we used 
proliferating plasmablastic cells as a normal counter- 
part. On the other hand, we found several genes 
upregulated in myeloma cells that were genes also 
upregulated in mature normal bone marrow plasma 
cells and that are therefore indicators of plasma cell 
differentiation. The use of these two sources of normal 
plasma cells are therefore complementary. Overall our 
microarray data were confirmed by the differential 
expression of numerous genes according to published 
data, by western blot and by RT-PCR. Genes such as 
CBS and ABL code for enzymes that could be 
potential therapeutic targets with ara-c or STI571. 

Materials and methods 

Cell lines 

XG-1, XG-5. XG-6, XG-7, XG-13, XG-14, and XG-1 6 have 
been obtained in our laboratory and RPMI 8226 from the 
American Tissue Culture Collection. These HMCLs express 
cytoplasmic Ig and plasma-cell antigens (Ag) and lack the 
usual B-cell Ag (De Vos et at., 2001). The HMCLs were 
grown in RPMI 1640 culture medium supplemented with 
10% fetal calf serum (FCS) or X-VIVO 20 serum-free 
medium (Bio Whittaker, Walkersville, MD. USA) with or 
without 2 ng/ml of IL-6 (R&D Systems, Minneapolis, MN, 
USA). All cell lines were free of mycoplasma, as assayed by 
an ELISA kit (Roche, Meylan, France). 

Primary eells 

Malignant plasma cells were purified from six patients with 
MM and three patients with plasma cell leukemia (PCL) after 



(average difference) is detailed for each cell line, (d) Relationship 
between CBS expression levels as measured by oligonucleotide ar- 
rav (average difference) and chemosensitivity to ara-C (IC 5 o) of 
the IL-6-dependent HMCLs XG-1, 6, 13, 14' 16. and 19 is repre- 
sented by a dot plot. XG-1 9 is an HMCL derived from sample 
PCL1. Values have been transformed into log base 2. The line 
corresponds to the linear regression ( Pearson unilateral correla- 
tion coefficient -0.754. P = 0.042 » 
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informed consent. Patient characteristics are summarized in 
Table 1. One sample of pol> clonal plasma cells was obtained 
from a patient with transient reactive plasmaeytosis <RP). as 
defined b> Jego et al. |1W| Purification of plasma cells 
(>95% plasma cells) was performed with the M115 anti- 
CD13S mAb and anti-mouse IgGl MACS Mierobeads 
(Milten\i Biotec. Bergisch Gladbach. Germany! as described 
(De Vos et uL. 20011. Seven samples of polyclonal 
plasmablastic cells were obtained by in vitro differentiation 
of peripheral blood B cells (PPC) from either healthy 
volunteers or from MM patients using a methodology we 
recently developed (Tarte et al., 2002). The plasmablastic cells 
(CD3S* \ CD20") were purified (>99% purity) by high- 
speed cell sorting using a FACS Vantage Cell Sorter (Becton 
Dickinson. San Jose. CA. USA). These cells displayed a 
typical plasma cell morphology on cytological examination, 
secreted hieh levels of polvclonal Ig. and lacked the B cell 
markers CD20, CD21, CD22 and CD23. 



cRXA pre par a i ion and Gene Chip hybridization 

RNA was extracted using the RNeasy Kit (Quiagen. 
Valencia. CA, USA). cRNA was prepared as described 
previously (Thykjaer et a/., 2001). except that total RNA was 
used as starting material and hybridized to HuGeneFL 
GeneChip oligonucleotide arrays (Affymetrix, Santa Clara. 
CA, USA). These arrays contain 7070 sets of oligonucleotide 
probes representing 6800 full-length human sequences. 



Data collection 

The probe arrays were scanned at 560 nm using a confocal 
laser-scanning microscope with an argon ion laser as the 
excitation source (Hewlett-Packard Gene Array Scanner 
G2500A). We captured primary data using MAS 4.0 
software, resulting in a single raw value for each probe set 
(average difference) based on the mean of the differences 
between the hybridization intensity for the perfect match 
features and the mismatch features for a particular gene, 
Data from each different array experiment were scaled to 
1500 by the Affymetrix GeneChip software in order to 
account for differences in global chip intensity. Affymetrix 
files are available as supplementary data (http://www.u475. 
montp.inserm.fr BK SupplementalData.htm). This dataset 
was floored to 200, since discrimination of expression changes 
in this low range can not be performed with high confidence. 

Statistical analysis 

We analysed 3874 genes among the 25 samples, with at least 
three absolute calls detined as 'present 1 by the GeneChip 
software. In order to evaluate how the 25 samples were 
grouped together according to the similarity of their gene 
expression profiles, we used two separate unsupervised 
clustering algorithms; a hierarchical clustering with the 
average linkage method and an uncentered correlation, and 
principal component analysis (PC A). For hierarchical cluster- 
ing, data were log transformed, median centered, and 
processed with the ^CLUSTER and TREEVIEW r software 
packages (Eisen et aL 1998). For PCA. data were log 
transformed, median centered, and processed with the J- 
Express 1.1 program (Dysvik and Jonassen. 2001). Given the 
high computational task required for this analysis, we 
reduced the gene number by selecting the 1500 genes with 
the highest variation coefficient among the 25 samples. The 
first three principal components retained 46.6" o ot the total 
variance of this dataset. We then determined the genes whose 



expression significant^ * /' • 005 » \aned between normal ano 
malignant plasma cells using the nonparametnc Mann 
Whitne> test. We retained onl> genes that had a ratio 0 t 
mean values between these two categories * 2 or «. u 5 
Mann- Whitney test, as well as the Pearson and Spearman 
correlation calculations, were performed with the SPSS 
software (SPSS Inc.. Chicago. IL. USAl. 

lies tern Blot 

Western blots (WB) were done as previously described ide 
Vos et al.. 2001). Anti-cyelin Dl monoclonal antibody was 
purchased from Upstate Biotechnology (Lake Placid. \y 
USA). anti-Rb from Pharmingen (San Diego. CA, USA). 
anti-STAT3 from Transduction Laboratories (Lexington. 
KY. USA), anti-Mer goat polyclonal antibody from Santa 
Cruz Biotechnology (Santa Cruz, CA. USA). Anti-BMI-1 Ffr 
monoclonal antibody was a kind gift from Maarten van 
Lohuizen and anti-e-myc 9E10 monoclonal antibody from 
Jean-Marie Blanchard. 

Reverse transcriptase-polymerase chain reaction 

Reverse transcription and PCR were done as previous!) 
described (De Vos et aL. 2001). The following primers were 
used for CBS: 5 - AGG ACG GTG GTG GAC AAG TGG 
TTC AAG AGC A A (sense) and 5 - TGA CCA CCC CGA 
ACA CCA TCT GCC GCT GAC TG (antisense) (Taub et 
aL, 1999). The size of the CBS PCR product was 656 bp 
Annealing temperature was 60 C and the number of cycle 35. 

Proliferation assay for myeloma cell lines 

Cells were washed twice with RPMI 1640 culture medium, 
incubated for 3 h at 37 : C in RPMI 1640 culture medium and 
10% FCS, and washed again. They were then cultured at 
10 4 cells per well in RPMI 1640 culture medium and 10% 
FCS with or without IL-6. and with various concentrations 
of STI571, provided by Novartis Pharma {Basel, Switzer- 
land), B-E8 monoclonal anti-IL-6 antibody (mAb), provided 
by John Wijdenes (Diaclone, Besancon, France), or 1-0-D- 
arabinofuranosylcytosine (ara-C), in 96-well flat-bottomed 
microplates for 4 days. Tritiated thymidine (0.5 /iCi. 25 Ci 
mM, NEN, Paris, France) was added for the last 12 h ot 
culture and tritiated thymidine incorporation was determined 
as reported previously (De Vos et aL, 2000). The ara-C 
concentration that inhibited cell growth by 50% (IC 50 ) is the 
mean of three independent experiments. 
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SARG: A new human osteosarcoma cell line. Expression of bone markers and 
of major histocompatibility antigens 
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Summary. A new cell line (SARG) was established from a 
human radiation-induced osteosarcoma (OSA). It showed an 
epithelial-like morphology with polimorphous and some- 
times bizarre nuclei. SARG had an osteoblastic differentia- 
tion pattern; almost 100% of the cells were positive for alka- 
line phosphatase, type 1 and III collagens and osteonectin. 
The expression of class I HLA antigens was delectable even 
after 40 in vitro passages. The expression of MHC antigens 
was greatly increased after in vitro treatment with interferon 



gamma (lFN-y), whereas interferon alpha (IFN-a) and 
tumor necrosis factor alpha (TNF-a) increased the expres- 
sion of class I antigens, but not of class II antigens. SARG 
was tumori genie after subcutaneos injection in nude mice, 
lixperimental metastases were never detected. 

Key words: osteosarcoma. MHC antigens, interferons, 
tumor necrosis factor-alpha 



Introduction 

Several cell lines have been established from human 
OSA |1-7|, but the phenotypic pattern and the ability 
to differentiate along the osteoblastic pathway of many 
OSA cell lines have not been sufficiently characterized 
[1, 3-5]. Furthermore, most of them have been main- 
tained in vitro for many years; progressive changes have 
likely occurred during long-term maintenance in vitro, 
therefore some of human OSA eel! lines may have lost 
the original features. 

We report a new cell line (SARG) derived from a 
human radiation-induced OSA. Its recent origin makes 
it a good model for the study of the effects of cytokines 
with potential therapeutic use on OSA cells. As IFNs 
have been suggested to influence OSA differentiation 
[8], we have investigated the ability of IFNs and TNF-a 
to modulate the osteoblastic differentiation in vitro and 
the H\J\ expression of SARG cells. 



Materials and methods 

Establishment <•! the SA R(i cell line 

This cell line ^;is established from a human radu»ii< :-iduced 
osteosarcoma in a 24 year-old male with histiocytosis \ Ihe 
tumour was ntei.istatic at the clinical onset and the patieni ::ad no 
received chem -Therapy. 

In viiro pnn < ■<!:■ >• 

Cells were ■. mk K cultured in Iscovcs Moditu-d <» s 

Medium ilMi-Vi - uppleincnied with 101) U ■■'ml pcnu ! up 

ml strepiotr, MJH'O, Paisley. Scotland) and H 1 ' ' : acti- 



vated Felal Calf Serum (Biological Industries, Kibbutz Beth 
I laernek. Israel). Cells were maintained at 37 °C in a humidified 5% 
CO, atmosphere. Doubling lime and saturation density were deter- 
mined by daily harvesting of cells after seeding of 20.0(H) cells/cm : . 
Cloning efficiency was evaluated 7 days after seeding of 8-512 
cells/cm \ Cloning efficiency in semi -solid medium was determined 
14 days after seeding 400-4.000 cells, 'cm- in 60 mm dishes. Cells 
were found to be mycoplasma-tree bv fluorescence staining with 
Hoechst 33258 \% The analysis ot DNA content was performed 
with a static cylofluorometer (Nikon) after staining with DAP1. 

Cytokine treatment 

Cells were treated in viiro with IFN-a (10-10,000 U/ml), lFN-y 
(5-1000 U/ml), TNF-a (100 10.000 U/ml). Recombinant HulFN- 
y and recombinant HuTNF a were purchased from Boehnnger 
Mannheim Italia SPA, Milan. Italy Recombinant HuIFN-u was pur- 
chased from Hoffman-La Roche. Basel. Switzerland. Cytokines were 
added to cultures 24 h after seeding; cells were harvested 144 h 
later. 

Differentiation markers and HI- 1 expression 

Osteoblastic differentiation markers were analyzed on cytospins 
fixed with a methanol-acclon solution (3:7) at -20 "C for 10 min. 
The alkaline phosphatase intracellular content was determined by a 
cytochemical method (Sigma Diagnostic. St. Louis, MO, USA). The 
expression of other markers was evaluated by indirect immunofluo- 
rescence using polyclonal antihodies respectively specific for type I 
and III collagen (Chemicon IiHei national. Inc. Temecula, CA, USA) 
and osteonectin (bON-Il, KiinlK supplied by L. W. Fisher, N.I.H., 
Uethesda, MD, USA). The pruvntage of positive cells was calcu- 
lated out of at least 300 cells 

HLA expression was tK*, w:n ret! by flow cytometry (FACS 
SCAN IV, Becton Dickinson San .to .c, CA, USA) after indirect 
immunofluorescence with the :.-l..wng monoclonal antibodies: 
Wn/32 (anti-HLA A.BX Sc:a i v ( rawley Down, UK); OKDR 
(anti-HLA-DR. Ortho Dk^:> ; nv stems. Milan. Italy); TFC- 
amiDC-1 (anti-HI -A DO. T - . :;e:ics, Milan. Italy): B7 21 
(anti-HI^-DP, Recton D>ai - lose. C A. USA). 



Material rr?. 
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hi \ i\i> slaJid 

Male alhimic 4-5 weeks old Cr : m. nuK'D-l(UR mice (Charles 
River Italia. C'omo. Italy) were li^aI I Lim.>ritLenieii> was determined 
aller intraperitoneal (i p.) and aiK JljnctniN (vc ) injection of 
27 y. HI" cells. Tumor growth r.-e ^e«l twice weekly Mice were 
saerified n months after injection f \;>enrneni;il metastatic ability 
was evaluated after injection ot o « |o cells in a lateral tail vein 
(i.v.)of untreated mice and ot mu\ rented with a single intrapento- 
neal injection of c\ciophospham-*:e i' Y> (_<H> mg Ke. hndoxan 
Asta. KRG) 4 days before cell mte.-iion m order to decrease NK 
activily |M)j and enhance expenmenF.il metastasis (II] Mice were 
saerified 2 months after injection. 1 or 'he assessment ot pulmonary 
metastases, lungs were stained with hiat k India ink. 



Results 

In vitro characterization. All the classical parameters of 
the in vitro growth were studied between the 20th and 
the 40th culture passage after I year continuous in 
vitro culture (Table 1 ). Morphologically. SARG showed 
a predominance of epithelial-like mononuclear cells, in 
addition to giant cells with muliilohated nuclei (Fig. 1 ). 
The cellular diameter was 2l. l > ±0.4 urn with a range 
from ^.24 to 34.65 u.m. The analysis of DNA content 
showed a hyperdiploid (near letraploid) pattern 

Differentiation pattern. SARD showed the classical 
markers of the osteoblastic lineage: 100% of the cells 
were positive for alkaline phosphatase, 75% lor type I 
collagen, 65% for type III collagen and 61% for osteo- 
nectin. HFA A,B,C and HLA-DR antigens were 
detectable respectively in N4% and 68% of cells, 

Tuhlt }. In vilro patterns of SAR( ■ cell iine. 

Doubling Saturation C Ioiiul. Clonine efficiency 

nine density elhuency in semisolid 

(hours) (cells/ cm : ) medium 

SS + 4 2.5x10* 2 "> '>.V'-„ 0.5 + 0. To 




whereas no expression of HLA-DP and HI A-DQ anti- 
gens was found. 

Effect of cytokines. The effects of IFN-a. IFN-y and 
TNF-a on ceil grow th are show n in Fig 2. I FN-}* in- 
duced a greater inhibition of cell growth than IFN-a; 
TNF-a was unable to inhibit cell proliferation of 
SARG cells. Fig. 3 shows the effects of the thice 
cytokines on the expression of class 1 and II HI A 
antigens. All the cytokines enhanced the expression of 
class I antigens, but only IFN-y was able to increase 
class II antigens (HLA-DR). HLA-DP and HI A-DQ 
were not induced. 

The ability of TNF-a to increase the expression of 
class I HLA antigens indicates that these cells have 
receptors for TNF-a. The osteoblastic differentiation 
markers (alkaline phosphatase, collagens and osteo- 
nectin) were not modulated by IFN-y or TNF-a. 
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% INHIBITION OF PROLIFERATION 

Fir. 2. Inihilion of SARG cell growth by IFN y, H N <i and TNF- a 
after a l 44 h in vitro treatment. 
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In vivo growth and metastasis. SARG v%a> able to grow 
after subcutaneous injection (27 x 10" cells mice) even 
if with a low tumorigenicity and a long lateni period 
(2-4 months) and did not grow in nude mice after 
intraperitoneal injection (27 x 10* cells mice). Macro- 
scopic lung metastasis were never observed in untreat- 
ed mice, whereas a low experimental metastatic ability 
were found after CY-pretreatment (Table 2). 



Tabic 2. Tumorttzcnicity and metastatic ability of SARG te^h in 
nude mice. 

Site of Pretreat- fell dose Mice uith lumor Incidence 
injection menl of mice treated of lung 

m i ce metastasis 



None 27 > It)" 2 10 

None 27 > 10' 0 5 

None 0.5 > HP 

CY 0,5 > 10" 



Discussion 

SARG is a recent cell line established from a human 
radiation-induced OSA. It showed the typical markers 
of the osteoblastic lineage (alkaline phosphatase activi- 
ty, osteonectin, type I and III collagen). In addition to a 
high expression of HLA A,B,C antigens, SARG 
showed low but reproducible levels of HLA-DR 
antigens expression. The presence of class II HLA 
antigens in normal osteoblasts has been recently re- 
ported |12|. 

The in vitro treatment of SARG with I FN -a and 
IFN-y induced a marked inhibition of cell growth, 
whereas TN F a did not have any effect on cell prolif- 
eration. Although differentiation markers (alkaline 
phosphatase, collagens, and osteonectin) were not 
modulated by IFN-y and TNF-a in vitro, all three cyto- 
kines modulated the expression of class I HI^\ anti- 
gens. Only IFN-y waii anIe to increase HLA class II 
(HLA-DR) expression. 

Our data indicate that, in addition to its marked 
cytostatic effect, IFN-y is ahlc to enhance HLA class I 
and HLA II antigens expression of OSA cells in vitro. 
Therefore, it may be considered as an interesting candi- 
date for differentiation therapy of OSA. 
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Abstract 

C6.9 rat glioma cells undergo a cell death program when 
exposed to 1,25-dihydroxyvitamin D3 (1,25-D3). As a global 
analytical approach, we have investigated gene expression in 
C6.9 engaged in this cell death program using differential 
screening of a rat brain cDNA library with probes derived from 
control and 1,25-D3-treated cells. Using this methodology we 
report the isolation of 61 differentially expressed cDNAs. 
Forty-seven cDNAs correspond to genes already character- 
ized in rat cells or tissues. Seven cDNAs are homologous to 
yeast, mouse or human genes and seven are not related to 
known genes. Some of the characterized genes have been 
reported to be differentially expressed following induction of 
programmed cell death. These include PMP22/gas3, MGP and 
-tubulin. For the first time, we also show a cell death program 
induced up-regulation of the c-myc associated primary 
response gene CRP, and of the proteasome RN3 subunit 
and TCTP/mortalin genes. Another interesting feature of this 
1 ,25-D3 induced-cell death program is the down-regulated 
expression of transcripts for the microtubule motor dynein 
heavy chain/MAP 1C and of the calcium-binding S100/J 
protein. Finally 15 upregulated cDNAs encode ribosomal 
proteins suggesting a possible involvement of the transi- 
tional apparatus in this cell program. Alternatively, these 
ribosomal protein genes could be up-regulated in response to 
altered rates of cellular metabolism, as has been demon- 
strated for most of the other isolated genes which encode 
proteins involved in metabolic pathways. Thus, this study 
presents to our knowledge the first characterization of genes 
which are differentially expressed during a cell death program 
induced by 1,25-03. Therefore, this data provides new 
information on the fundamental mechanisms which partici- 
pate in the antineoplastic effects of 1.25-D3 and on the 
machinery of a cell death program in a glioma cell line. 

Keywords: Vitamin D; brain; gene expression; apoptosis; 
\ "-^ontial screening 



Abbreviations: 1.25-D3, 1,25-dihydroxyvitamin D3; PMP22, 
peripheral myelin protein 22; MGP, matrix gamma carboxygl u- 
tamic acid protein; CRP, cysteine-rich protein; TCTP, 
translationally controlled tumor protein; VDR. vitamin D 
receptor; ORF, open reading frame; UGG, unknown glioma 
gene; SPARC, secreted protein acidic and rich in cysteine; ON, 
osteonectin 



Introduction 

It is presently established that cell death is most often an 
active process, triggered by precise signals which induce 
crucial biochemical changes in target cells, resulting in many 
instances from changes in the pattern of gene expression. 
However, the precise molecular mechanisms which promote 
these cell death programs are poorly understood. They may 
be expected to vary from one cell type to another, while 
different stimuli have the potential to induce a cell death 
program by activating independent or overlapping metabolic 
pathways in the same cell. Previous studies have demon- 
strated that some genes play a critical role in the triggering of/ 
or progression to cell death. These include nuclear regulatory 
factors encoded by the p53 gene (Lowe et al, 1993; 
Hermeking and Eick 1994) and the proto-oncogene c-myc 
(Evan et al, 1992), or genes such as gadd45, whose 
expression is controlled by the p53 protein (Kastan et al, 
1992; Carrier et al, 1994). However, numerous studies 
evidenced the rote of non-nuclear components, such as 
members of the bcl2-bax gene family (Larsen 1994), 
proteases belonging to the family of interleukin 1-/? convert- 
ing enzyme (Garghardini etal, 1994), or receptors mediating a 
death signal, such as the TNFoc receptor (Yonehara et al, 
1989), the low affinity NGF receptor (p75) (Barrett and Bartlett 
1994) or the Fas/apo-1 receptor (Trauth et al, 1989). Many 
other gene products were reported to be also involved in this 
process. These include enzymes or structural proteins 
participating in second messenger transduction cascades, 
cell cycle progression, cell shape and housekeeping 
cytoplasmic mitochondrial functions. It has become clear, 
therefore, that a cell death program cannot be only described 
by monitoring the expression of some specific markers, but 
represent profound changes in cell homeostasis, leadirg to 
new metabol c situations that eventually promote cell ceath. 

In order to get an overview of the genetic changes 
occurring dinng the accomplishment of a cell aeath 
program, we have undertaken an approach based on the 
identification ■/ genes that are differentially expressed in 
cells that ;\e^ eitner in growth-phase, or committee] to die. 
Such genes potential candidates that are indicated, 
directly o- *^;t n the cell death mechanism "ms 
methodoicj. /.^ applied in the case of rat CG .^a 
cells. whtv < >• was induced by a 24 h-treatr • .vth 
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1,25-dihydroxyvitamin D 3 (1.25-D3) (Naveilhan e: a! '994; 
Baudet et ai 1996a,b). 

1.25-D3 is the most active metabolite of vitamin D This 
hormone exerts genomic effects by interacting with a 
nuclear receptor, referred to as Vitamin D Receptor 
(VDR), which is structurally related to the receptors of 
thyroid hormones and retinoic acids (Haussler 1986). 1.25- 
D3 exerts a tight control on calcemia and bone metabolism. 
However, the hormone also acts on the immune system. It 
controls the production of several lymphokines, inhibits T 
cell proliferation, promotes macrophage differentiation, and 
has in vivo an overall immunosuppressive effect (for review 
see Thomasset 1994). A growing body of evidence 
indicates that 1 .25-D3 is also active in the central nervous 
system (CNS). Binding sites of 1.25-D3 were detected in 
certain neurons and non-neuronal cells (Stumpf and 
O'Brien 1987, Stumpf et al, 1992; Musiol et ai 1992), 
while the mRNA of its receptor, VDR, was identified in the 
human hippocampus (Sutherland et al, 1992) and in vitro, 
in rat primary astrocytes (Neveu et al, 1994a). Astrocytes 
constitute a target for the hormone. They respond to 1,25- 
D3 by an enhanced production of neurotrophic factors such 
as NGF (Neveu et al, 1994a) or neurotrophin 3 (Neveu et 
al, 1994b). Furthermore, 1 r 25-D3 enhances the respon- 
siveness of these cells by increasing the expression of the 
VDR gene. The hormone also promotes its own catabolism 
by inducing a gene encoding vitamin D-24-hydroxylase 
(Naveilhan et al, 1993). Astrocytes tolerate high concentra- 
tions of 1,25-D3, even when cultured in a serum-free 
medium, that is in the absence of serum vitamin D-binding 
protein which should limit the concentration of free 
hormone. This is not the case of malignant C6 glioma 
cells. Treatment of these cells during 24 h with 10 8 - 
10" 7 M, 1.25-D3 results 1 week later in the death of a part 
of the population, provided that cells are maintained in a 
chemically defined medium (Naveilhan et al, 1994). This 
cytotoxic effect of 1.25-D3 appeared more or less 
pronounced, depending on the origin of the C6 cells, a 
fact which is likely to reflect strain variations, observed from 
laboratory to laboratory on the basis of other criteria (Roser 
et al, 1991: Gubits et al, 1992). Therefore, C6 cells were 
subcloned and a subclone, referred to as C6.9, was 
selected on the basis of its high susceptibility to the 
cytotoxic action of 1.25-D3 (Baudet et al, 1996a) In C6.9 
cells, 1.25-D3 treatment induces accumulation of mRNAs of 
c-myc, p53 and gadd45 genes (Baudet et al, 1996b). 
Furthermore, cells are largely protected against the toxic 
action of 1.25-D3 if they are treated with cycloheximide 
(Baudet et al, 1996b). These data indicate that 1.25-D3 
cytotoxicity corresponds to a cell death program, that 
requires protein synthesis. The interest of this experi- 
mental system is strengthened by the fact that glioma form 
evolutive tumors which are generally fatal in human (for 
review .sec Janus et al, 1992). Therefore. C6 9 cells 
appeared adequate to undertake a characterization of 
genes th^r are differentially expressed in treated and 
untreated populations. For this purpose, we have screened 
an orga-nze:.: library of rat brain cDNA, with comp'ox p-obes 
preparer: *■ ^-r mRNAs extracted from growing Co 9 cells, 
and from is collected 3 days after a 24 h w>, - • W ith 



1 .25-D3. An advantage of organized libraries is that they 
can be reused, and this permits an overview of a panel of 
genes whose expression may be compared under different 
expenmental conditions. The present work describes data 
obtained following the screening of 7680 clones. About 90 
of these were found to correspond to mRNAs whose levels 
do either increase, or decrease, following C6.9 cell 
treatment with 1.25-D3. 

Results and Discussion 

Most of the substractive hybridizations or differential screen- 
ings performed to characterize genes involved in cell death 
have been designed to isolate genes specifically expressed 
during this process. The reasonable assumption that a cell 
death program is directly controlled by the induction of several 
genes which are not expressed or expressed at very low 
levels in exponentially growing cells should not, however, 
exclude the possibility that cell death might ultimately result 
from a dysregulation in the expression of some house- 
keeping genes. The possibility that subtle variations in the 
levels of expression of this kind of genes could be an 
important aspect of a cell death program has retained until 
now little attention. As a first attempt to characterize genes 
expressed in normal non-apoptotic tissues whose expression 
is altered during the course of a cell death program, we used a 
cDNA library derived from Poly(A) > RNA extracted from adult 
rat brain. The screening of this library was performed with two 
complex 32 P-labeled cDNAs probes prepared from Poly(A) + 
RNA isolated from C6.9 cells 3 days after a treatment of 24 h 
with either 1.25-D3 or its vehicle. This time point was chosen 
to allow the detection of changes in RNA expression occurring 
well before the death of cells, which takes place around day 6 
(Baudet et al, 1996a), and because a peak in the expression 
of c-myc, p53, gadd45, IL-6 and VEGF in 1,25-D3-treated 
C6.9 cells has been recently reported to occur at day 3 
(Baudet et al, 1996b). 

Characterization off the differentially expressed 
genes 

7680 organized clones were screened. In most instances, 
spot intensity associated with a same clone remained 
constant. However, signal intensity turned out to diverge 
after normalization of the spot intensity, by a factor of at least 
1.5-fold in 88 clones. These clones were subjected to a 
confirmatory step based on a Northern blot analysis using 
total RNA extracted at day 3 from C6.9 cells treated for 24 h 
with 1.25-D3 or vehicle alone Thus, Northern blots have been 
serially hybridized with the 88 plasmids purified from the 
selected bacterial clones An example illustrating these 
different steps of analysis s presented in Figure 1. Figure 
1A focuses on a spot (0t n-06) obtained following the 
screening of the library witn complex probes prepared from 
control (a) or treated (b) ctv\-< Hybridizations with the cloning 
vector to control bacteria growth are in (c) and (d). The 
computer analysis of thes-. 1 ':.;toradiograms is presented in 
Figure 1 B. The underexp < 1 o* the gene corresponding to 
clone 01.11-06 (Figure i '-. :ontif ed according to its DNA 
sequence as being osto ■ ■ - ■ •: was further confirmed by 
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Northern blot analysis (Figure 1C). Northern blot analyses 
concerning two other genes, which are this time up-regulated 
in the course of this cell death program, are also presented in 
Figure 1C These results were obtained with clones 02.48-18 
and 01.15-17, which correspond respectively to a protein 
involved m cellular senescence called PBP74 or mortalin, and 
to a novel sequence called UGG2 for Unknown Glioma Gene 
2. Using this experimental approach, we were able to select 
61 clones encoding sequences corresponding to mRNAs 
which are effectively regulated during the 1 ,25-D3-induced 
cell death program of C6.9 cells. The 17 remaining clones, for 
which the subsequent Northern blot analyses revealed a 
different regulation than that expected on the basis of the 
initial differential screening, were discarded. 
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Overview of the differentially expressed genes 

According to the computer-assisted sequence comparison, 
these 61 clones can be subdivided into three classes (see 
also Table 1). 

1 Forty-seven clones (approximately 77%) carry inserts 
with known sequences already detected in rat cells or 
tissues. It is noteworthy that the length of these inserts is 
often equal or even longer in 5' than that already 
described. 

2 Seven clones (approximately 1 1 .5%) carry inserts whose 
sequences are homologous to mouse, human or yeast 
genes. 

3 Seven clones (approximately 11.5%) carry inserts with 
novel sequences, including 3 cDNAs containing a 
potential Open Reading Frame (ORF). 

Inserts carried by the 61 clones corresponding to RNA 
differentially expressed were partially sequenced, and 
sequences were compared to the GENBANK/EMBL 
sequence databases. Because of the redundancy of 
several sequences, the number of different cDNAs isolated 
after this differential screening was reduced to 45. An 
overview of these 45 cDNAs is presented in Tables 2 and 3 
where they are classified as 'genes induced' (Table 2a) t 
'genes repressed' (Table 2b), 'homologous sequences 
induced' (Table 3a), 'homologous sequence repressed' 
(Table 3b) and 'unknown sequences induced' (Table 4). 
In addition, data presented in this table give the name of 
the corresponding genes or proteins, the lengths of each 
insert (bp), the factor of induction/repression of the 
corresponding mRNA assessed by Northern blot analysis 
(d ), and the ACCESS NUMBER in the GENBANK/EMBL 
sequence or the SWISSPROT/PIR databases 
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Figure 1 Overview of the diffe*er.r tecs o*> analysis: selection of the spot 
01.11-06 which represents the Cste: -ec: r gene (A) Ajtoradiogram of oneol 
the nitrocellulose membrane r. .< / ; a - 3 rt of the cDNA organized library 
obtained after the labelling w tr 1 z 'obes prepared from control C6 9 
cells (a) or 1.25-D3 treatec ceiis :, - ' w,^ad indicates the spot 01.11-06 
which corresponds to a gen- (*-.■■-• . expressed (c) and (d) represent 



rc-sur ; :.:iveiy the same membranes labelled with the plasm, j alone as control of 
tf-fe atonal clone growth. (B) Computer densitometry analysis of the spot 
01 ' " 06 presented in A. R and 1 represent the relate dRrsity of the spot 
01 ' * 06 pointed out in A(a). 2 represents the relative density of the spot 
C ■ " 06 ported out in A(b). 7 and 8 represent the resale lorsity of the spots 
:»'-;e; :J respectively in A{c) and A(d). (C) Nortner : / s.-alysis of the 
-f-v- "script modulations 3 days after a 24 htreat~e ' " 1 25-D3(+)or 
*■ . e Tione ( ) and serially labelled with three ' *-•- -CNA solated in 
• ••• of this differential screening. These cr-~?---: - • "j Osteonectin 
jGG2 (01 15-17). PBP74 (02.48-H) am ?r^es 
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Table 1 Summary of the results obtained after the cltrfe'enta! saeenng of tte 
aautt rat orain cDNA library and the Northern slot anaiys s 



Selected clones after differential screening 88 

• Selected clones after Northern Btot analysis 61 

• Known sequences 47 

• Homologous sequences 7 

• Unknown sequences 7 

• unknown, with potential ORF 3 

• unknown, without ORF 4 



Cellular roles of the differentially expressed genes 

Another way to present the results of this differential 
screening is to classify the identified genes with respect to 
their cellular role. A first attempt of classification is presented 
in Table 5. In this table genes are grouped into the following 
six broad categories of biological roles: (1) Cell signalling/Cell 
communication, (2) Cell structure/Mobility, (3) Cell/Organism 
defense, (4) Gene/protein expression, (5) Metabolism, and (6) 
Unclassified. This table does not address to the specific 
involvements of the different cloned genes in the C6.9 cell 
death program, but rather gives an overview of the genetic 
changes, affecting all the general cell functions, which occur 
in the course of this process. Therefore the discussion has 
been focused here on the regulation of a dozen of these 
genes and on the increased expression of ribosomal protein 
genes. 

Osteonectin/SPARC and dynein heavy chain/MAP 
1C genes 

One of the aims of this work was to try to characterize 
essential house-keeping gene(s), such as those encoding for 
vital enzymatic reactions, whose expression could be 
dramatically decreased in the onset of a cell death program. 
Among the genes characterized here, three genes are down 
regulated by more than a factor of five. They encode for 
Peripheral Myelin Protein (PMP22/gas3) (Spreyer et a/, 
1991), osteonectin/SPARC (Mason et al, 1986) and Dynein 
Heavy Chain/MAP 1C (Mikami et al, 1993). The observed 
down-regulation of osteonectin/SPARC and dynein heavy 
chain/MAP 1C genes was rather unexpected. 

Osteonectin (ON) also known as basement membrane 
protein (BM40) or Secreted Protein Acidic and Rich in 
Cysteine (SPARC) displays a high degree of interspecies 
sequence conservation (Termine et a/, 1981; Mann et al, 
1987: Sage et at, 1984). It was initially discovered in 
mineralized tissues (Young et al, 1986) and its expression 
was recently demonstrated in adult rat brain (Mendis et al, 
1995) The cellular functions of ON/SPARC include effects 
on matrix deposition and on cell proliferation. An important 
feature of ON/SPARC is its ability to abrogate the 
interactions of cells with cytokines such as PDGF or bFGF 
(revewed by Lane and Sage 1994). Therefore, the 
conseauence of the down-regulation of ON/SPARC 
observed here would be to increase cell responsiveness 
to cv^Kines. This suggests that the decreased expression 
of C.N SPARC could be, together with the nduction of 
Vt > vid IL-6 expressions {Baudet et al. 1 ^ttr». a part of 



the mechanisms observed under stressful conditions to 
enhance cell viability. 

On the other hand, the down-regulation of the Dynein 
Heavy CHain/MAP 1C (Mikami ef a/, 1993) gene could be 
directly connected to the mechanisms involved in the 
course of apoptosis. The Dynein Heavy Chain/MAP 1C 
encodes the heavy chain of a molecular complex called 
dynein that has been found to be responsible of 
intracelular movements associated with microtubules. 
These include transport of endosomes, lysosomes and 
the elements of the Golgi apparatus (for review see Vallee 
1993, Barton and Goldstein 1996). Its localization to 
kinetochores is also suggestive of a role in the movement 
of the chromosomes to the pole. In addition, evidences 
have been presented demonstrating that dynein plays a 
role m mitotic spindle formation (Vaisberg et al, 1993). 
Therefore, in view of these functions, this gene fulfills the 
criteria of a house-keeping gene whose down-regulated 
expression could induce lethality. This assumption was 
further reinforced by the fact that loss of function of the 
dynein light chain has been reported to cause widespread 
apoptotic cell death in Drosophita metanogaster (Dick et 
al, 1996). Experiments with antisense oligonucleotides 
could help to clanfy the effect of a decrease in dynein 
activity on cell viability. An intriguing point will be to 
determine whether a reduction of this microtubule motor 
could be involved in the mechanisms responsible of the 
margination of clumped nuclear chromatin observed in 
apoptotic cell. 

Matrix Gla protein, //-tubulin, TCP-1-delta, PMP22/ 
gas 3 and PBP74/mortalin genes 

Matrix Gla protein (MGP), ^-tubulin and PMP22/gas3 
correspond to genes already described in other experimental 
systems to be over-expressed during a cell death program. 
However, it should be pointed out that PMP22/gas3, which 
has been associated with the induction of apoptosis in 
Schwann cells (Fabbretti et al, 1995), is down-regulated 
here. Interestingly, the underexpression of the PMP22/gas3 
gene is known to increase the proportion of cells that enter the 
S+G2/M phases (Zoidl et al, 1995), a situation recently found 
to occur during the course of the cell death program studied 
here (Baudet et al, 1996b). 

Matrix Gla (gamma carboxyglutamic acid) Protein (MGP) 
(Price ef al, 1987) is a Vitamin K dependent protein and 
serves as a substrate for the enzyme ^-carboxylase which 
converts glutamic acid to a /-carboxyglutamic acid (Price et 
al, 1987). MGP mRNA has been detected in many tissues 
including brain (Fraser and Price 1988; Hale et at, 1988; 
Price et al, 1987. Rtce and Price 1994) and the MGP 
protein is secreted by a large variety of cells in culture 
(Rannels et al, 1993: Fraser and Price 1988; Hale et ai 
1988). This gene is induced in rat prostate following 
castration, which causes apoptosis of androgen-dependent 
prostate cells (BneM and Miesfeld 1991). 

One of the se ecten cDNA clones encodes the rat 
tubulin (Ginzbury ?' >/ 1980). This up-regulation of 
tubulin can be to the enhanced expression y 

TCP-1-delta (clc - .'5-13) since this latter protein s ! 
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Tables 2 and 3 Characten2a;jon ol the analyzed cDNA clones selected a*er the l^erential screening of 7680 of the adult rat brain horary. Tne data represent the 
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a Genes induced 












Clone Frequency 


Size of insert (bp) 


Putative sequence 


d 


Access Number 


04.40-05 


1 


1000 


Ribcsomai protein S2 


+ 1.5 


RO:RRRPS2 


03.31-27 


1 


500 


Ribosomal protein S6 


+2 


RO:RATRPS 


02.03-22 


2 


800 


Ribosomal protein S8 


+2 


RO:RNRPS8 


01 34-08 


1 


700 


Ribosomal protein S9 


+4,7 


RO:RNRPS9 


02 10-17 


1 


600 


Ribosomal protein S12 


+2.4 


RO:RATRPS12 


01 40-08 


1 


600 


Ribosomal protein S17 


+3.6 


R0:RATRPS17 


03 35-1 5 


1 


600 


Ribosomal protein S1 8 


+2.7 


RO:RRRPS18A 


01 22-21 


3 


600 


Ribosomal protein S25 


+2 


RO:RRRPS25 


03 35-27 


4 




Rihncinma! nrotpin I Q 


+1.9 


RO:RRRPL9 


03 08-06 


1 


1000 


Ribosomal protein L13a 


+1.7 


RO:RNRPL13A 


01 43-19 


1 


650 


Ribosomal protein L23 


+ 1.5 


RO:RRRPL23A 


04 36-07 


1 


600 


Rihri<iom3l nrntflin I ?fi 


+2.3 


RO:RRRPL26 


01 05-26 


1 




Rihn^nmpl nmtf*in I 44 


+2 


SW;RL44_RAT 


03 29-05 


1 


500 


Ribosomal phosphoprotein P1 


+ 1.5 


RO:RRRP1 


02 06-05 


1 


500 


Ribosomal phosphoprotein P2 


+ 1.6 


RO:RRRPP2 


02 16-1 1 


1 


2500 


28S RNA 


+2 


RNRRNA04 


02 29- 1 2 


4 


1300 


Mitochondnal gene 16S RNA 


+25 


MIRNXX 


03 37-13 


1 


850 


Proteasome RN3 subunit 


+3.3 


RO.RATRN3 


01 46-28 


2 


1700 


Cysteine-rich protein 


+7.1 


RO:RNU09567 


03 10-29 


2 




Transthyretin 


+2.5 


RO:RNTTHY 


01 22-09 


1 


I OLAJ 


Rap 1B 


+2.7 


RO:RNU07795 


03.39-27 


2 




Math* C\\a Prntpin 


+3.8 


RO:RATMGP 


0233-10 


1 




/?-Tnhulin 


+4.3 


RO:X03369 


02.07-05 


1 


1 100 


Phosphoglycerate mutase type B 


+2.5 


RO:S63233 


02.34-24 


1 


1800 


Cytosolic Aspartate Aminotransferase 


+2.3 


RATCASPAT 


02 40-24 


1 


1100 


Cytochrome C Oxydase subunit 1 


+ 1.5 


RO:S79304 


b. Genes repressed 












01 10-17 


1 


1200 


Peripheral Myelin Protein 22 


-6.8 


SW:PM22 RAT 


01 11-06 


4 


1300 


Osteonectin 


-7.7 


SW:SPRC RAT 


01 11-01 


1 


1400 


Dynem Heavy Cham MAP 1C 


5,6 


SW:DYHC RAT 


03 30-07 


1 


1400 


Aldolase C 


1 .5 


SW;ALFC RAT 


02 18-27 


2 


1800 


fi subunit s-100 Protein 


-3.5 


RO:RATs100b 



TABLE 3: 



a. Homologous sequences induced 



Clone Frequency Size of insert (bp) 


Putative sequence 


Identity 


d 


Access Number 


03.25-13 1 1300 


TCP- 1 -Delta 


100% mouse 


+ 1.6 


RO:MUSCHAP 


02.42-23 1 1500 


KOX30 


90% human 


+2 


PR;HSKOX30 


02.48-14 1 1000 


PBP74 


100% mouse 


+2.4 


RO:MUSPBP74 


02.30-19 1 950 


Proteolipid Protein A1 


52% yeast 


+ 1.8 


SP:PPA1 YEAST 


03.22-18 1 900 


Translationally Controlled Tumor 


100% mouse 


+2.3 


RO:MML21KD1 




Protein 








b. Homologous sequences repressed 








RO:MUSSCD2 


02.13-21 2 1000 


Stearoyl-CoA desaturase 


90% mouse 


-4.4 


01 .26-20 2 2000 


Probable E1-E2 ATPase YIL048W 


52% yeast 


- 1.7 


SW:YlE8 YEAST 



Frequency indicates the number cf cDNA clones which encodes the corresponding sequence. & is the fold of increase (+) or decrease ' - ) m comparison with the 
control after densitometnc analysis of the Northern Wot autoradiogramms. Northern bio! analyses have been verified in two different experiments and correlate with the 
results of the differential screening ACCESS NUMBER: Number of access in the GtNBANK/EMBL sequence or SWISSPROT/PtR databases 



member of cytoplasmic chaperonins, which supports the 
correct folding of /J-actin and tubulin (Gao et a/, 1992; Yaffe 
et al, 1992). It is known that the relative ^-tubulin 
immunofluorescence as measured by FCM in human 
leukemic T-cell line CCRF-CEM treated by a cytotoxic 
drug, increased m apoptotic populations compared to 
untreated celts (Pmrv.n et al. 1994). It has also beer 
recently found that r > rprevisae, genetic configurations 



resulting in an increase in the ratio of .^-tubulin to ^-tubulin, 
causes microtubule disassembly and cell death (Archer et 
al. 1995). It remains now to determine whether the 
increased expression of /Mubulin observed here affects 
the ratio of the microtubule constituents. Finally the 
classification of PBP74, also callec 'po-ialn. with this set 
n* genes is motivated by its involves- r the determina- 
!or of cellular senescence (Wad>v.-. \* t< 1993). 
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Table 4 Sequencing analysis and r^orther- D*ot analysis ol inserts with 
unknown njdeobde sequences, d is the fo^d of ■ncease (*! m companson with 
the control aftef densitometry: analysis of the Norrnem btoi aotoractoqrarnrns. 
Nortberr bk>t analyses have been verified m r*o Afferent expenmerts and 
correlate with the resufts ol the differentia! screen ng 







Insert 




mRNA 


Clone 


Particularity 


<b P ) 


d 


<kb) 


Unknown sequences 










UGG1 (01.14-23) 


EST 


1200 


+2.4 


3.5 


UGG2 (01.15-17) 


None 


700 


+5.5 


10 


UGG3 (02.03-12) 


None 


2400 


+6.3 


12 


UGG4 (02.22-12) 


ORF 52 AA 


1000 


+2.6 


1.2 


UGG5 (02.33-08) ORF 97 AA and 


2000 


+2.2 


>10 




signal peptide 








UGG6 (02.38-23) 


ORF 63 AA 


1100 


+2.1 


1.5 


UGG7 (03.45-21) 


EST 


1100 


+2.1 


1 4/1.8 


Table 5 List of the identified genes classified with respect to their cellular role 



Genes related to 



Identification 



Cell signalling/ 
Cell communication 

Cell structure/ 
Motility 



Cell/Organism defense 
Gene/Protein expression 



Metabolism 



Unclassified 



Transthyretin 
RAP1B 
PMP22 
^-Tubulin 

Dynein Heavy Chain MAP1C 
Matrix Gla Protein 
Osteonectin 
Proteolipid protein A1 
PBP74 

Cysteine- rich protein 
TCP- 1 -delta 

Proteasome RN3 subunit 

Ribosomal proteins (S2, S6, 

S8, S9, S12, S17, S18, S25, L9, 

L13a, L23, L26. L44) 

Ribosomal phosphoproteins (P1 , P2) 

28S RNA 

Mitochondnal gene 16S RNA 
Cytosolic Aspartate Aminotransferase 
Cytochrome C Oxydase subunit I 
Stearoyl CoA Desaturase 
Aldolase C 

Phosphogty cerate mutase B 
Probable E1-E2 ATPase YIL048W 
0-subunit S-100 protein 
TCTP 



Cysteine-rich protein and proteasome RN3 subunit 
genes 

These two genes, which have not been associated until now 
with cell death, are up-regulated by more than a factor of three 
m C6.9 cells committed to die. 

Cysteine-rich protein (CRP) gene encodes a member of 
a protein superfamily containing a double zinc finger-like 
motif. The expression of this gere is developmentally 
-egulated in rat brain (McLaughlin et al. 1994), but its 
mological function is not yet understood. In human 
( :!;iescent fibroblasts, CRP has been shown to be a 
primary response gene displaying coordinate serum 
■ 'jtjctton with c-myc (Wang et al. y^?- This finding is 



interesting in I ght of recent work showing that c-myc gene 
is overexpressed at day 3 tn C6.9 treated with 1 25-D3 
(Baudet et al, 1996a.b). It is noteworthy that c-myc 
expression may induce apoptosis when combined with a 
block of cell proliferation (Evan et al, 1992). Therefore, data 
presented here raise the possibility that the coordinated 
expression of CRP and c-myc genes in C6.9 cells cultured 
in serum-free medium could be directly involved in the cell 
death program. 

cDNA clone 03.37-13 specifies proteasome RN3 subunit 
(Thomson et al, 1993). This protein is one of the numerous 
components of rat proteasomes, which degrades proteins 
conjugated to ubiquitine in an ATP-dependent mode 
(Waxmann et al, 1987; Hough et al, 1987). This 
proteasome plays a major role in non lysosomal pathways 
of protein turnover (Goldberg and Rock 1992). Experi- 
mental evidences implicate this proteolytic pathway in the 
degradation of mitotic cyclins (Deshaies et al, 1995), 
oncoproteins as c-Myc (Ciechanover et al, 1991), or the 
tumor suppressor protein p53 (Scheffner et al, 1990). It is 
noteworthy, in this respect, that an overall increase in the 
amounts of the 26S proteasome complex takes place 
during programmed cell death (Dawson et al, 1995). This 
suggests that an increased expression of this gene could 
be detected in the course of other cell death programs. 

Ribosomal protein and translationalty controlled 
tumor protein genes (TCTP) 

An important feature of this differential screening is the high 
number of clones encoding ribosomal proteins, which account 
for about one third of all selected cDNAs. The various 
ribosomal protein genes are widely dispersed in the genome. 
They are transcribed at very similar rates owing to the 
equivalent strenghts of their promoters (Hariharan et al, 
1989), and a coordinate regulation, at various levels of gene 
expression, operates to maintain the proper stoichiometry of 
the ribosomal components (Mager, 1988). In yeast, most of 
the ribosomal protein gene promoters contain one or two sites 
for a global regulator, RAP1p (Klein and Struhl 1994; 
Kraakman et al, 1993), and the transcription of ribosomal 
proteins is coordinated with rRNA synthesis (Warner, 1989). 
Conserved motifs where also found in chicken (Maeda et al, 
1993) or mouse (Genuario et al, 1993) ribosomal protein 
genes, and a coregulation of a set of ribosomal proteins and 
rRNA was already described in rat liver after a glucocorticoid 
stimulation (Flusser et al, 1 989). As we know that these genes 
are very conserved throughout species, the existence of such 
a global regulator or common motif of regulation probably 
exists in the rat genome. The overexpression of several 
ribosomai protein genes can be compared to the up- 
regulation of TCTP, another gene isolated in the course of 
this differential screening, since this gene shares a feature 
observed on the 5 terminus of the transcripts of some mouse 
ribosomal protein genes, a run of Ts followed by a GC -rich 
segment (Chitnanma et al, 1988; Wagner and Perry 1935) 
This finding -aises the possibility that this conserved 
sequence coi, 1 bo a target for a transcriptional t,v:tor 
induced ■ ; this cell death program. Electropn ; ^*<~ 
mobility sh's :--^vs experiments will help to c\nr-\ > 
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point. Another intriguing feature of TCTP mRNA is that it 
occurs as untranslated mRNP particles unable to interact with 
the translation machinery in mouse tumor cell line, in spite of 
an open reading frame encoding a protein of 1 72 amino acids 
(Chitpatima etal, 1988). 

It is presently not clear whether the differential 
expression of several ribosomal protein genes plays an 
active role in this cell death program, or if it only reflects the 
metabolic disturbance occuring during this cell death 
process. As outlined up-there, the assembly of functional 
nbosomes requires precise stochiometries and coordinate 
expression of more than 80 genes. Therefore, any 
dysfunction of ribosome assembly could theoretically lead 
to formation of aberrant and toxic particles. Interestingly, 
this overexpression of several ribosomal protein genes is 
not observed in astrocytes treated with 1.25-D3, which 
have been previously reported to respond to 1.25-D3 by the 
induction of several genes including VDR, but fail to induce 
a cell death program (data not shown). The involvement of 
the translational machinery in cell death has been limited 
until now to the synthesis of novel proteins at the onset of 
apoptosis. Nevertheless, our results suggest that a possible 
link between ribosomes and cell death could exist. 
Consistent with this hypothesis is the existence of 
ribonucleoprotein complexes composed of 5S RNA and 
ribosomal L5, mdm2 and p53 proteins, whose function is 
however still unknown (Marechal et af, 1994). 



do not account for possible translational or post-transla- 
tional events. Several differentially expressed genes which 
have not been extensively discussed here have been 
reported there. These include RaplB, which belongs to the 
Ras family, and S1OO0 and aldolase C genes. An 
interesting feature concerning these two later genes, which 
are down-regulated here, is that their corresponding 
proteins interact together (Zimmer and Van Eldick 1986). 
In addition, disruption of the microtubular cytoskeleton is 
known to cause a specific reduction in the level of S100 
protein mRNA in C6 cells (Dunn et a/, 1987). S100 protein 
is a low molecular weight, Ca 2+ -binding protein (Pritchard 
and Marston 1991), then a reduction of S1OO0 mRNA could 
result in a decreased calcium-buffering potential of the 
cells, and increased susceptibility to the excessive calcium 
loading, often reported to occur during programmed cell 
death. A major task will be now to determine how all these 
variations in gene expression are integrated in a common 
cell death mechanism. In this regard, the possibility exists 
that, in view of the biological importance of cell death, 
several distinct and independent programs, each of them 
sufficient to induce cell death, could be active simulta- 
neously in the same cell during a given event of cell death 
program. This could further complicate our ability to 
elucidate the individual components of a specific cell 
death program event. 



Unknown sequences (Table 5) 

Sequence analysis of seven clones did not reveal known or 
homologous sequences. They were then called Unknown 
Glioma Gene (UGG). Three of them present a putative Open 
Reading Frame (ORF) which could suggest the translation of 
polypeptides composed of at least 52 amino-acids for the 
clone UGG4, 63 ammo-acids for the clone UGG6, and 97 
amino-acids for the clone UGG5. The finding of a putative 
signal peptide suggests that the potential protein correspond- 
ing to the clone UGG5 could be secreted. 

Two other unknown sequences have already been 
indexed in the Gene Databank as human EST after a 
randomly and automatized sequencing. The clone UGG1 
was reported to be a non-codant sequence and the clone 
UGG7 has not been further analyzed. 

The extensive study of these genes will be of great 
interest to make up the synthetic scheme proposed in 
Figure 2. 

In spite of active research, little is known on the 
biochemistry and on the genetics which control cell death. 
In a preliminary approach to solve the puzzle of a cell death 
program in a rat glioma cell line, we have characterized 61 
genes whose e<pression is differently regulated n the 
course of this process. In a previous work, we reported that 
this process was also associated with increased expression 
of genes such is c-myc, p53, gadd45, VEGF and IL6 
(Baudet et a> 1996b). A synthetic picture of the possible 
interaction of these corresponding proteins in the course o* 
the 1,25-D3-i'^i^od-C6.9 cell death program is presented 
in Figure 2. hoover, it is important to mention that ad me 
data of this cV* • *iai screening concern mRNA eveis inrj 



Materials and Methods 
Cell culture 

Clone C6.9 used in this study was isolated from the rat glioma C6 cell 
line (Benda etal, 1969; Baudet etal, 1996a) by the method of limiting 
dilution in microliter plates. The microliter plates were screened for 
wells containing single cells 24 h after seeding. Cells were maintained 
in F12 medium supplemented with 10% fetal calf serum and were used 
between passages 5-20. For the experiments, cells were rinsed once 
with PBS and incubated for 24 h in a serum-free medium consisting of 
F1 2 medium supplemented with insulin (2.5 ^g/ml), transferrin (2.5 /*g/ 
ml) and selenium (2.5 ng/mi), penicillin (100 units/ml), streptomycin 
(100 /^g/ml) and amphotericin B (0.25 /*g/ml). Then, 1,25-D 3 was 
added to the cultures at 5 x 10" 8 M and left during 24 h. At the end of 
this incubation period, media were replaced by a serum-free medium 
devoided of 1 ,25-D 3 . Control cultures were treated with vehicle alone 
(ethanol). 

Preparation of complex cDNA probes for 
differential screening 

Total RNA was extracted following the LiCI/urea method (Auffray and 
Rougeon 1980) from C6.9 ceils harvested 3 days after a 24 h 
treatment with 5x 10" 8 M of 1.25-D3 or ethanol, and submitted to 
chromatography on oligo(dT)-ceiLj ;se (Aviv and Leder 1972). Two 
cDNA complex probes were srjv^ecusly prepared from 1 /jg of 
poly(A)-rich mRNAs using oligc :~>'2-Apat primer adapter, in 
presence of [ 32 P]dCTP (with a s:e vc activity of 3000 d. p.m. /ng 
cDNA) and Superscript II reverse vv.- ptase (B.R.L, Charbonniere, 
France). cDNAs obtained were r^' < ^antified and cDNA patterns 
verified on denaturing gels. Ther w A probes corresponding 
to C6.9 cells treated or not with ' .- : - iabeled with high specific 
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Figure 2 Schematic representation of the localization and of the possible interactions between the proteins corresponding to genes differentially expressed during 
C6.9 cell death program. t-+ illustrates physical interactions 



radioactivity using the random primer DNA Labelling System for BRL 
(2x 10 9 d.p.m./^g). Non-incorporated nucleotides were separated by 
two successive chromatographic steps on a Biogel P10 (BioFtad, Ivry 
sur Seine, France) column. 

cDNA library and high density filters 

The precise procedure is described in Perret et al (submitted for 
publication). Briefly, the cDNA library was prepared from rat brain 
mRNA foilowig the primer adapter method described by Caput et al 
(1986). The cDNA library was constructed using the cloning vector 
pT7T3 18 (Pharmacia) and transformed by electroporation in highly 
competent DH5a bacteria (10 10 c.f.u./mg DNA). The cDNA library 
was organised in plates of 1536 well-dishes using a modified 
fluorescence activated cell sorter (FACS IV Becton Dickinson). After 
bacterial growth, each plate was replicated onto several identical 
nylon membranes (Filter Pall) with a Biomek 1000 workstation. After 
overnight incubation at 37 : C, bacteria on membranes were lysed 
and treated as described by Nizetic et al (1991). 

Hybridization and differential screening analysis 

Two replicas of five 1536 well-dishes were hybridized for 48 h at 42'C 
with complex probes prepared f ron C6 d ceils treated or not with 1 ,25- 
D3. For each filter 50 ng of the pr:-^ ed as described above was 
added to 5 ml of hybridization rr * " -r^n.de 50%, Denhardts 5x , 



SDS 0 1%, 6xSSC, DNAss 100/ig/ml). After hybridization, filters 
were washed once in 2 x SCC, 0.1% SDS at room 'terrperature and 
then successively in 0.1 x SSC, 0.1 SDS at 42C for 30 min and 65 C C 
for 60 mm. 

The hybridized filters were revealed in a phosphonmager screen 
system (Molecular dynamics), the files were transferred to SUN Sparc 
10 workstation and comparisons were performed using Biolmage 
program (Millipore, USA). 

Then, each filter was re-hybridized by a radiolabeled oligonucleo- 
tide recognizing pT7T3 18 vector to determine the quantity of plasmid 
on filters The normalisation of the spot intensity by assaying plasmid 
quantity permitted to eliminate artefactual variations. 

DNA sequencing and computer analysis 

For each of the selected clones, around 300-500 bp were sequenced 
using a dyed terminator sequencing kit from Applied B'csystem (ref: 
4021 22) The sequences thus obtained, corresponding to :ne 5' ends 
of the coding strands of the inserted cDNAs, were co^pa-ed with the 
whole set of known nucleic sequences (GENBANK EMBL sequence 
databases: m order to ascertain whether they are ai^iv k^own or if 
they are nomoiogous or related to known sequences 

Fcr each unknown sequence, the presence of r Reading 
Frame tCRF; was investigated and the longest OP r compared 
with Anoe set of protein sequences stored m ; .'. — r OT'PIR 
dalarvi:--. 



may be protected by coo/- ■ - ' ~ J S Code) 



Gene expression during programmed glioma cell death 

C Bj.aet e: 3> 



124 



RNA isolation for Northern blot analysis and cONA 
probe preparation 

Total RNA was extracted following the LCI/Urea method (Au^ay and 
Rougeon 1980) from C6 9 cells treated or not witr 1,25-D3. as 
described above. Identical amounts of glyoxaf-treated RNA were then 
subjected to electrophoresis, transferred to a Hybond N membrane 
(Amersham, Les Uiis, France) and hybridized as previously described 
(Wion el a/, 1991) with cDNA inserts carried by the plasmids of each 
bacterial clone selected in the library. Plasmids were purified according 
to the plasmid mini-procedure from Promega (Charbonniere, France), 
and labelled with [ 32 P;dCTP by random priming as described above. 
Standardization of RNA loading was routinely controlled by 
hybridization of the blots with a GAPDH cDNA (Fort et al. 1985). 
Blots were subjected to autoradiography, and autoradiograms were 
analyzed by densitometry tracing. Probes giving a signal differing by a 
factor of at least 1.5-fold, when hybridized with RNAs extracted from 
control or 1.25-D3 treated cells, were selected for further analyses. 

Evaluation of the length of inserts 

Each selected bacterial clone was cultured overnight. Bacteria were 
lysed under alkaline conditions, and plasmidic DNA was purified with 
the Qiagen KIT (COGER, Paris, France). Electrophoresis on a 1% 
analytical gel permitted the estimation of the size of inserts, after a 
double digestion with two different restriction enzymes: HindiW and 
SamHI, this in companson with a lane containing a size ladder made of 
Marker 2 {k/HindlU. EcoR\ double digestion) from EUROGENTEC 
(Angers, France). 
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Report 

Doxycycline-inducible expression of SPARC/ Osteonectin/ BM40 in 
MDA-MB-231 human breast cancer cells results in growth inhibition 

*Nirada Dhanesuan, 2 Julie A. Sharp, ^ony Blick, 1,2 John T. Price, and 1,2 Erik W. Thompson 

1 VBCRC Breast Cancer Invasion and Metastasis Unit, St. Vincent's Institute of Medical Research; ^Department of 
Surgery, University of Melbourne, Melbourne, Australia 

Key words: adhesion, doxycycline, proliferation SPARC Tet-On 
Summary 

SPARC (secreted protein acidic and rich in cysteine yBM40/Osteonectin is a matricellular protein with multiple 
effects on cell behaviour. In vitro, its major known functions are anti-adhesive and antiproliferative, and it is 
associated with tissue remodelling and cancer in vivo. SPARC is overexpressed in many cancers, including breast 
cancer, and the effects of SPARC seem to be cell type-specific. To study the effects of SPARC on breast cancer, 
we transfected SPARC into the MDA-MB-231 BAG, human breast cancer cell line using the Tet-On inducible 
system. By western analysis, we found low background levels in the MDA-MB-231 BAG and clone X parental 
cells, and prominent induction of SPARC protein expression after doxycycline treatment in SPARC transfected 
clones X5, X21, X24 and XI 5. Induction of SPARC expression did not affect cell morphology or adhesiveness to 
collagens type I and IV, but it slowed the rate of proliferation in adherent cultures. Cell cycle analysis showed that 
SPARC slowed the progression to S phase. Doxycycline induction of SPARC also slowed the rate of monolayer 
wound closure in the cultured wound healing assay. Thymidine inhibition of proliferation abrogated this effect, 
confirming that it was due to anti-proliferation rather than inhibition of migration. Consistent with this, we were 
unable to detect any differences in migration and Matrigel outgrowth analysis of doxycycline-stimulated cells. We 
conclude that SPARC is inhibitory to human breast cancer cell proliferation, and does not stimulate migration, in 
contrast to its stimulatory effects reported for melanoma (proliferation and migration) and glioma (migration) cells. 
Similar growth repression by SPARC has been reported for ovarian cancer cells, and this may be a common feature 
among carcinomas. 

Abbreviations: DOX; doxycycline; FCS: fetal calf serum; rSPARC: recombinant secreted protein acidic and 
rich in cysteine; kDa: kilo-Dalton; BAE: Bovine aortic endothelial; ECL: enhanced chemiluminescence; 
TCA: trichloroacetic acid; SRB: sulforhodamine B; rpm: revolutions per minute; FACS: Fluorescence activ- 
ated cell sorter; VEGF: vascular endothelial growth factor; RT-PCR: reverse transcription polymerase chain 
reaction 



Introduction 

SPARC (secreted protein acidic and rich in cysteine) 
is a secreted, 32 kDa glycoprotein that is principally 
produced by cells of mesenchymal origin. It is also 
known as BM40 [1], since it is a component of base- 
ment membrane matrix, and Osteonectin, since it was 
isolated through its' affinity for bone matrices [2]. 
SPARC is a matricellular protein; it bridges the gap 
between cells and the extracellular matrix (ECM) to 



mediate cell-matrix interaction, but does not serve a 
primary structural role [3]. SPARC expression in the 
adult is largely limited to tissues undergoing repair or 
remodelling such as bone growth and wound healing, 
and elevated expression of SPARC is found in many 
pathologies [4]. 

In vitro, the two major effects of SPARC on mesen- 
chymal cells are anti-adhesive and anti-proliferative. 
Exogenous SPARC added to cells in culture has been 
shown to induce a round morphology in confluent 
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monolayers of bovine smooth muscle cells, fibroblasts 
and endothelial cells, and to maintain the rounded 
morphology of newly plated fibroblasts by inhibit- 
ing their spreading [5]. Exogenous SPARC inhibited 
the incorporation of [ 3 H]-thymidine by as much as 
90% in synchronized cultures of bovine aortic en- 
dothelial cells [6]. However, the effect of SPARC 
on proliferation is cell type-specific. It does not af- 
fect the growth of melanoma [7] or prostate cancer 
cell lines [8], but reduces the growth of ovarian can- 
cer cell lines [9]. SPARC is downregulated upon 
transformation of fibroblasts [10, 11], and upregu- 
lated with late differentiation of keratinocytes [12] 
and skeletal myoblasts [13]. It is prominently ex- 
pressed by the retinal pigment epithelium of the eye 
and lack of SPARC leads to cataracts in SPARC 
null mice [14], Moreover, mesangial cells, fibroblasts 
and aortic smooth muscle cells derived from SPARC 
null mice proliferate faster than wild-type counter- 
parts [15]. SPARC can also effect cell migration. It 
is haptotactic for renal cell carcinoma cells in Boyden 
chamber assays [16], and promotes prostate and breast 
cancer cell chemotactic migration and invasion in vitro 
[8]. These data suggest a role for SPARC in mediat- 
ing metastasis to bone by these different carcinoma 
types. 

We previously found that SPARC was selectively 
expressed by a series of invasive breast cancer cell 
lines studied [17]. These cell lines can be distin- 
guished from their non-invasive counterparts by a 
comparative loss of epithelial attributes in preference 
for mesenchymal features [18]. This is consistent 
with the preferential expression of SPARC by mes- 
enchymal cells rather than epithelial cells, although, 
as mentioned above, this is not exclusive. Breast can- 
cer cells that have undergone an epithelial to mesen- 
chymal transition may show heightened responsivity 
to SPARC. Indeed, invasive human breast cancer cell 
lines responded to SPARC with increased activation 
of matrix metalloproteinase-2 (MMP-2)/gelatinase A, 
an extracellular protease capable of degrading base- 
ment membrane specific, type IV collagen [17]. To 
study further the effect of SPARC on human breast 
cancer cells, we engineered the MDA-MB-231 BAG 
cell line, which expresses very low levels of SPARC, 
with a DOX-inducible vector to control SPARC ex- 
pression, and examined the biochemical and biolo- 
gical consequences. Unlike melanoma and glioma 
cells that respond to SPARC with increased prolif- 
eration and/or migration and invasion, the MDA- 
MB-231 BAG cell migration and invasion was unaf- 



fected by SPARC, which instead casued reduced pro- 
liferation. 



Material and methods 

Cell culture and reagents 

MDA-MB-231 human breast cancer cells, originally 
from ATCC (Rockville, MD, USA), were genetically 
tagged by transduction of the bacterial p-galactosidase 
(Lac Z) retroviral vector to generate the MDA-MB- 
231 BAG cell line as previously described [19, 20]. 
They were cultivated in DMEM (Life Technologies, 
Grand Island, NY, USA) supplemented with 109c 
fetal calf serum (DMEM-FCS) (CSL Limited Bios- 
ciences, Parkville, Victoria, Australia). Bovine aor- 
tic endothelial (BAE) cells were used at passage 8 
and also cultivated in DMEM-FCS. Cultures were 
maintained at 37°C in 5% CCh- Doxycycline hydro- 
chloride (DOX; Sigma, St. Louis, USA) was used 
at 2u.g/ml unless otherwise specified. Matrigel was 
kindly provided by Dr Hynda Kleinman, NIDCR, 
NIH, USA. SPARC purified from bovine bone was 
purchased from Haematologic Technologies Inc., VT, 
USA, and recombinant human SPARC purified from 
transfected HEK293 cells [21] was kindly provided by 
Prof. Rupert Tlmpl, Max-Plank-Institut Fur Biochmie, 
Germany. 

Plasmids 

The pUHG17-l, pUHC13-3 and pUHD10-3 were 
kindly provided by Prof. H. Bujard, Department of 
Molecular Biology, University of Heidelberg, Ger- 
many [22, 23]. The pUHG17-l plasmid contains 
the rtTA transactivator gene. The pUHD 10-3 plas- 
mid contains seven repeats of the tet operator linked 
to a cytomegalovirus minimal promotor, upstream 
from multiple cloning site and a simian virus 40 
polyadenylation signal. The SPARC cDNA, hon-2 
[24] (kindly provided by Dr Larry Fisher, NIDCR, 
NIH, USA) was partially digested with EcoRl and 
subcloned into pUHD10-3 to generate pUHD10-3- 
SPARC. pUHCl 3-3 contains luciferase under rtTA re- 
sponsive promotor. The pSV40Zeo plasmid encoding 
Zeocin resistance gene (Promega, Madison, WI, USA) 
and pCHC6 [25] encoding hygromycin resistance 
were used as selective markers for the first and second 
rounds of transfection, respectively. All plasmids were 
prepared by QIAGEN mini and maxi plasmid prepa- 
ration kits (QIAGEN Pty Ltd, Victoria, Australia). 
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Transfeaion 

To generate SPARC-inducible clones, we performed 
two rounds of transfeaion. In each case, the MDA- 
MB-231 BAG cells were plated overnight (200,000 
cells per well) in 6-well-plates in DMEM-FCS. For 
the first round transfeaion, 2u.g of pUHG17-l and 
0.2 ng of pSV40Zeo were cotransfected the next day 
using Fugene (4u.l; Boehringer Mannheim, USA). 
Clones were selected in the presence of 800u.g/ml 
of Zeocin (Invitrogen, The Netherlands) and cloned 
using cloning cylinders. RNA from each clone was 
extracted and expression of rtTA was assessed by RT- 
PCR. High expression clones were further assessed 
by transient transfeaion with pUHCl3-3 in the pres- 
ence of 2ng/ml of DOX for 48 h. Cell lysates were 
collected for analysis with the Luciferase assay sys- 
tem (Promega) as per manufacturers* guidelines. We 
also performed transient transfection with pUHDlO- 
3-SPARC in the presence of 2 u,g/ml DOX, and 
conditioned media were analysed for SPARC by 
western blot. Collectively these assays identified three 
clones (X, Y and Z) with the highest expression of 
rtTA in the presence of DOX, and the lowest in its 
absence. 

For the second round transfection, each of the 
three clones (X, Y and Z) were cotransfected with 
2 ng/ml of pUHD10-3-SPARC and 0.2 u,g of pCHC6 
using Fugene (4u.I). The clones were selected in the 
presence of 600u.g/ml Hygromycin B (Gibco BRL, 
Scotland). To rapidly screen for strong expression, 
clones were initially grown in the presence of 2 u,g/ml 
DOX for 72 h and the conditioned media were col- 
lected and subjected to western analysis for SPARC. 
Those with high expression were further tested in 
the presence and absence of DOX to identify clones 
with the lowest baseline and highest inducibility (X5, 
X21, X24 and X75), which were selected for further 
work. High background was found in clones derived 
from Y, and only low levels of SPARC were achiev- 
able in clones derived from Z, so these were not used 
further. 

Western analysis 

Analyses of SPARC expression in the MDA-MB-231 
BAG and transfected clones were performed on con- 
ditioned media. Cells (50,000/24 well vessel) were 
plated overnight in DMEM-FCS to achieve a semi- 
confluent monolayer, which was washed three times 
the next day with the unsupplernented DMEM (0.2 ml) 
and then incubated for up to 96 h (as specified) with 



DMEM supplemented only with 0.1% BSA (Sigma, 
cell culture grade. DMEM-BSA) with or without 
DOX (2u,g/ml unless otherwise stated). Proteins in 
the unconcentrated conditioned media were separated 
under reducing conditions on 10% SDS-PAGE. Load- 
ing was standardized by the amount of total protein 
in each cell lysate. The proteins were then transferred 
to PVDF membrane (Immobilon, Millipore Corp., 
Bedford, MA, USA) for immunoblotting. Transfer 
was monitored by reversible staining with Ponceau 
Red (Sigma). The blots were blocked for 2h with 
blocking solution (5% skim milk, 0.05% Tween 20 
in PBS pH 7.5) and then incubated with primary 
antibody (Anti-Osteonectin, Haematologic Technolo- 
gies Inc., 5.4u,g/ml) in blocking solution overnight 
at 4°C. The membrane was then washed three times 
for lOmin with blocking solution and incubated for 
1.5 h at room temperature with horseradish perox- 
idase (HRP)-conjugated goat anti-mouse IgG anti- 
body (Pierce, IL, USA) diluted 1:20,000. Signals 
were developed with an enhanced chemiluminescence 
(ECL) kit according to the manufacturer's instructions 
(Pierce). 

Adhesion assay 

Dilutions (2.5, 1, 0.5, 0.25, 0.125. 0.05u-g/ml) of 
collagen types I (VitrogenlOO, Cohesion, CA, USA) 
and IV (Sigma) were prepared in DMEM-BSA, ad- 
ded (50u.l per well) in triplicate to 96-well plates, 
and incubated for 60min at 37°C. Wells were then 
washed with 100 (xl of PBS containing 3% (w/v) 
BSA for 30min at 37°C. Cells were harvested from 
routine culture with PBS containing 0.2 mg/ml EDTA, 
washed twice in DMEM-BSA, and resuspended at 
2.5 x 10 5 cells/ml DMEM-BSA. The cells were in- 
cubated with occasional mixing for 60min at 37°C 
to allow for recovery of cell surface receptors. Cells 
(2.5 x 10 4 in 100 ixl of media) were added to each 
well and incubated for 60min at 37°C. The condi- 
tioned medium was removed from each well and the 
attached cells stained by the addition of 100 (il of 
Crystal Violet (0.5% (w/v) in 25% (v/v) methanol) for 
5 min at room temperature. Wells were gently rinsed 
five times with water to remove unbound stain and 
allowed to air-dry at room temperature. Even distri- 
bution of cells indicated even coating of the wells 
with each substrate. Bound crystal violet was solubil- 
i2ed with 50% (v/v) ethanol for 10-15 min at room 
temperature, and absorbance read at 540 nm (Power 
Wave X, Bio-Tek Instruments, Inc., Winooski, VT, 
USA). 
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Proliferation assay 

Cells (1,000 per well) were plated in 96-well plates 
in DMEM-FCS (200 u.1 per well). Each clone was 
grown in the presence or absence of 2 jig/ml of DOX 
(5 wells/treatment). One plate was fixed each day for 
the next 10 days, with 50 |jl1 per well of cold 50% (w/v) 
trichloroacetic acid (TCA, Sigma) for 1 h at 4°C The 
conditioned medium was then discarded, and plates 
were washed five times with distilled water and air- 
dried. After 10 days, all 10 plates were stained with 
sulforhodamine B solution (SRB, 0.4% w/v in 1% 
acetic acid; 100 u.1 per well) (Sigma), and incubated 
for lOmin at room temperature. Unbound SRB was 
removed by washing five times with 1% acetic acid, 
the plates were air-dried, bound stain was solubil- 
ized with 10 mM Tris-buffered saline and the optical 
densities read at 515 nm. Statistical analysis was per- 
formed using the General Linear Model program in 
SPSS (Chicago, Illinois, USA) and Linear Regression 
Analysis in GraphPad Prism 3 (GraphPad Software, 
San Diego, CA, USA). 

Cell cycle analysis 

Cells (2.5 x 10 3 ) were seeded in a 10 cm plate with 
or without 2iig/ml of DOX in DMEM-FCS. The 
medium was replaced 48 h later with fresh DMEM- 
FCS with the continued presence or absence of DOX. 
After an additional 24 h, the cells were trypsinized 
(0.025%, CSL Ltd., Victoria, Australia) washed with 
PBS-BSA and fixed in I ml of paraformaldehyde at 
4°C for lOmin. Then the cells were collected by 
centrifugation (1500rpm for 5rnin), resuspended in 
1 ml of 0.1% Triton X-100 and incubated at 4 q C 
for lOmin. The cells were again centrifuged and re- 
suspended in 1ml of solution containing 50n.g/ml 
propidium iodide (Sigma), 0.1% sodium citrate and 
1 |xg/ml RNase. The stained cells were analyzed 
within 24 h on FACS Calibur (Becton Dickinson, 
USA). 

Monolayer wound healing assay 

Cells (50,000 cells/well) were plated in 24-well plates 
in DMEM-FCS and grown to approximately 80% con- 
fluency. The monolayer was wounded by scraping a 
line across the well using a sterile 1 ml blue pipette 
tip, after which the culture was washed twice with 
DMEM and the media changed to DMEM-BSA with 
or without 2 ng/ml of DOX and in some cases, with 



or without 10 mM thymidine (Sigma). The mono- 
layer wound was photographed every days from days 
0 to 4 at the same spot, guided by markings un- 
der the plate. The width of the monolayer wound 
was measured from each photograph and the closure 
expressed as percent day 0. Statistical analysis was 
performed with the General Linear Model program in 
SPSS. 

Chemomigration assay 

Cell migration was determined using a 48-well micro- 
chemotaxis chamber assay (Neuroprobe, Cabin John, 
MD, USA) as described previously [20]. Cell mi- 
gration was quantified by the number of cells that 
migrated directionally through a collagen I (lOn-g/ml) 
coated 8 u,m pore polyvinyl pyrrolidone-free polycar- 
bonate filter (Poretics, Livermore, CA, USA) toward 
the chemoattractant. Briefly, cells (1 x 10 6 cells/ml), 
either pretreated or untreated with 2pig/ml of DOX 
for 48 h, were resuspended in DMEM-BSA and loaded 
into the top chamber. Fibroblast conditioned medium 
was used as the chemoattractant and loaded into the 
bottom chamber. Chambers were incubated at 37°C 
in 5% CO2 for 4h, after which the filters were re- 
moved, fixed and stained with Diff-Quik (Baxer Sci- 
entific, McGaw Park, IL, USA) and mounted on glass 
slides. Nonmigrated cells were removed by wiping 
with a cotton swab. At least four random fields of vis- 
ion/well ( x 20 objective) were counted for quantitation 
of cell migration. Triplicate wells were used in each 
assay. 

Matrigel outgrowth and radial outgrowth 

In vitro invasion analysis was performed with a 
novel adaptation of the Matrigel outgrowth assay 
[26], Briefly, cells were trypsinized, counted, centri- 
fuged and resuspended in Matrigel to give densities 
of 250, 500 and 1000 cells per 5^1 of Matrigel. 
Five microlitres of Matrigel containing each cell line 
or clone was placed in each well (96-well ELISA 
plate) and let set in an incubator at 37 C C in 5% 
CO2 for 1 h. After that, 80|jl1 of DMEM-FCS with 
or without 2|J.g/ml of DOX were added on top of 
the droplet. For radial outgrowth, after the Matrigel 
droplet was set, 80 \i\ of 2 rng/ml collagen type I (Vit- 
rogenlOO) was overlaid and incubated at 37°C in 5% 
CO2 for 1 h. This was followed by 80(jl1 of DMEM- 
FCS with or without 2 U-g/ml of DOX. Cell morpho- 
logy was observed and photographed daily for up to 
7 days. 
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Figure 1. (A) Inducible expression of human SPARC in breast cancer cells The MDA-MB-231 BAG parental, *lone X parental, clone X5, 
X21, X24 and X75 (50.000) were seeded in 24-ueil plates tn the presence and absence of 2 ug/ml DOX for 46 h The conditioned media 
were then collected and subjected to western ana!>se> (Bi DOX concentration-dependent induction of SPARC expression in clone X5. Cells 
(50.000) were seeded in 24-well plates as described in Materials and Methods, and treated with of 0. 0 01.0 1.1 and 2\xg/m\ DOX for 24h. 
The conditioned media were collected and subjected to western analysis. The amount of SPARC expression correlates with the concentration 
of DOX used. 



Results 

Detection and regulation of SPARC protein 
expression 

To evaluate the level of SPARC protein expression 
in MDA-MB-231 BAG cells, clone X parental cells 
and transfected clones X5, X21, X24 and X75, we 
performed western analysis of serum-free conditioned 
media generated in the presence or absence of 2 n g/ml 
of DOX. Previously we found SPARC to be ex- 
pressed in invasive breast cancer cell lines, BT-549and 
Hs578T but not in MDA-MB-231 BAG by northern 
analysis [17]. Here, we found low levels of SPARC 
in MDA-MB-231 BAG cultures after 4 days, and 
the level of expression did not change after DOX 
treatment (Figure 1(A)). A similar level of expres- 
sion was also found in clone X parental cells prior 
to SPARC transfection. After SPARC transfection, 
basal levels of expression in clones X5, X24 and 
X75 remained low but could be highly induced after 
DOX treatment. Clone X21 showed somewhat higher 
basal expression of SPARC in the absence of DOX, 
but this level could still be dramatically increased by 
DOX. 

Addition of a range of DOX concentrations from 
0.01 to 2p,g/ml to clone X5 induced concentration- 
dependent expression of SPARC (Figure MB)) while 
higher concentrations up to 8 u.g/ml showed no in- 
creased expression (data not shown). Comparative 
western analysis with commercial bovine SPARC at 
the stated concentration allowed estimation of the 



SPARC accumulation from clone X5 after 3 days of 
DOX-treatment (2M-g/ml) to be around 5 |ig/ml (data 
not shown). 

SPARC has no effect on morphology of transfected 
clones or on their attachment to collage ns type I 
and IV 

Despite pronounced effects on 'rounding* of en- 
dothelial cells, smooth muscle cells and fibroblasts 
[5], we did not observe any changes in cell morpho- 
logy after DOX treatment of our SPARC-transfected 
clones. Representative clones (X5, X24, X21 and X75, 
as well as parental clone X, or MDA-MB-231 BAG 
cells) were stained with crystal violet [27] after treat- 
ment with or without DOX (data not shown). Although 
each clone adopted a slightly different morphology, 
with some better spread than others, none respon- 
ded morphologically to the induced SPARC. Simil- 
arly, addition of up to 100 ug/ml exogenous, puri- 
fied or recombinant SPARC did not alter MDA-MB- 
231 BAG cell morphology, but did induce rounding 
of bovine aortic endothelial cells (data not shown). 
SPARC is known to have an anti-adhesive effect in 
certain cell types, achieved in part by the dissolu- 
tion of focal adhesion complexes and reorganization 
of aclin stress fibers [3]. Neither parental MDA- 
MB-231 BAG cells, parental clone X or transfected 
clones showed any changes in cell attachment to col- 
lagen type I, after pre-treatment with DOX for 3 days 
(Figure 2). Concentration-dependent increases in at- 
tachment were seen from 0.05 |ig/ml up to 2.5 u> g/ml 
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Figure 2 SPARC expression has no effect on cell attachment to collagen I coated plates. The MDA-MB-231 BAG. cione X parental, clone 
X5, X21. X24 and X75 were plated on collagen I coated plate in triplicate and analyzed for attachment after 1 h as described in Material and 
methods. 



collagen type I for each clone, but there was no dif- 
ference between the DOX- treated and untreated group 
(data not shown). Similarly, no difference was found 
between the two groups in adhesion to collagen type 
IV, a substrate to which the cells attach with a lower 
affinity (data not shown). We further tested the ef- 
fects of SPARC-enriched (-fDOX) or control (-DOX) 
conditioned medium on the subsequent attachment of 
these cells to either collagen type I or type IV, but no 
difference was seen (data not shown). SPARC does not 
appear to affect the adhesion of these cells to coilagens 
type I or IV. 

SPARC inhibits anchorage-dependent proliferation of 
transfected clones 

We then looked at the effect of DOX-induced SPARC 
on proliferation of the transfected MDA-MB-231 
BAG cells as numerous studies have reported dif- 
ferential effects of SPARC on cell proliferation. In 
the control MDA-MB-231 BAG parental (not shown) 
and clone X parental (Figure 3(A)) cells, DOX had 
no effect on growth. The cells grew to confluency 
over the 10-day period in both DOX- treated and un- 
treated groups. However, for each of the SPARC- 
transfected clones, the DOX-treated group showed a 
slower rate of proliferation (shown in Figure 3(B) for 



clone X24, data not shown for clones X5, X21 and 
X75). DOX treatment of all SPARC- transfected clones 
caused a delay in reaching half maximal growth (Fig- 
ure 3(C)), but each clone finally reached the same 
confluency. DOX was only added on the first day 
of the experiment so as to avoid media changes and 
allow the cultures to accumulate SPARC. A more pro- 
nounced inhibition may have been seen with repeated 
addition of DOX, but this was technically difficult. 
Nonetheless, this small but significant growth inhib- 
ition was reproducible and consistent between five 
replicates of each group in three independent ex- 
periments. 

Cell cycle analysis 

To analyse the growth effect further, we grew the 
MDA-MB-23 1 BAG parental (Figure 4, (A), (B)), par- 
ental clone X (not shown), clone X5 (Figure 4(CMF)) 
and clone X24 (data not shown) in the presence or 
absence of DOX and harvested them for analysis of 
cell cycle distribution. No effects of DOX were seen 
on the MDA-MB-231 BAG or parental clone X cells, 
but both clone X-5 and X-24 showed an increase in S- 
phase after DOX treatment. For clone X5, increasing 
concentrations of DOX from 0 to 2u.g/ml showed a 
concentration-dependent reduction of the proportion 
of cells in S-phase. 
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(C) Haff maximal growth differences 

Figure 3. In vitro proliferation analysis of parental and transfected clones. Cells were seeded in 96-weil plates in DMEM-I0% FCS with or 
without 2u.g/ml of DOX. Proliferation was measured every day as described in Material and methods. (A), (B) Growth curves of clone X 
parental and clone X24, respectively. Solid line indicates the DOX treated group and the dotted lines indicate the untreated group. In (B), 
statistical analysis using General Linear Model showed a significant difference in growth kinetics (P <0.00l). fC). The difference in time 
when half maximal growth was reached in the presence compared to the absence of DOX. Ninetynve percent confidence intervals are shown. 
* denotes significant difference ( P < 0.05). 



DOX-induced SPARC slows down monolayer wound 
healing but has no effect on cell migration or 
Matrigel outgrowth 

To assess the composite effects of SPARC on cellular 
remodelling in vitro, we performed the cultured mono- 
layer wound healing assay over 4 days. In this assay, 
closure of the monolayer wound depends on both pro- 
liferation and migration of the cells. Since SPARC is 
secreted and present in the conditioned media around 
the cells, it might work chemokinetically as reported 
in melanoma cells [7]. As shown in Figure 5, however, 
clone X5 showed a slower rate of monolayer wound 



closure when SPARC expression was stimulated with 
DOX. Similar changes were seen in clones X21, X24 
and X75 (data not shown) while clone X parental con- 
sistently showed no response to DOX. Also, there was 
no difference between the DOX-treated and untreated 
group in the MDA-MB-23 1 BAG parental cells, which 
reproducibly showed a quicker rate of closure than 
the other clones (data not shown). To delineate the 
proliferative component, we performed this assay in 
the presence of lOmM thymidine, which blocks cell 
proliferation (Figure 5(C) inset). As shown in Fig- 
ure 5(C), we found no effect of DOX on the rate 
of closure in the presence of thymidine, and further- 
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Figure 4. Cell cycle analysis of representative clones. The MDA-MB-231 BAG (A), (B) and clone X5 (C)-(F) were cultured in the presence 
or absence of DOX (0.02, 0.2 or 2 ng/ml) for 72 h prior to cell cycle analysis by flow cytometry. 



more, the capacity for monolayer wound closure was 
returned to non-DOX levels. These data confirmed 
the anti-proliferative effect of SPARC, and suggest 
that there is no chemokinetic effect of SPARC in our 
system. 

Consistent with this, we were unable to detect any 
differences in the 48-well microchemotaxis migration 
of DOX-treated versus untreated clones towards fibro- 
blast conditioned medium over 4 h on collagen type I 
coated filters, even when the conditioned media from 
each culture was added into the chamber (data not 
shown). Similarly, long term culture (up to 7 days) 
in 3-dimensional gels of collagen or Matrigel did not 
show any differences (data not shown), and no differ- 
ences were seen in the ability of the cells to penetrate 
the collagen matrix in the radial outgrowth assay (data 
not shown). 



Discussion 

SPARC is a secreted protein which is abundant in 
tissues undergoing remodelling, and has been found 
to have dramatic effects on cell behaviour in vitro. 
First purified as a major non-collagenous component 
of bovine bone [2], its biological significance was 
linked to the regulation of bone mineralization. Later 
studies also showed expression of SPARC in non- 
mineralized tissue including gut, skin, liver, vascular 
smooth muscle cells and platelets [28-31]. 

SPARC is overexpressed in many cancers. Malig- 
nancies of mesenchymal origin consistently exhibited 
strong immunostaining of SPARC [28]. It is over- 
expressed during neoplastic progression of human 
melanoma [32], meningiomas [33], and glioma 
[34], and is associated with invasiveness. Many 
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(C) Clone X5 in the presence of 10mM thymidine 

Figure 5. Monolayer wound healing assay of clone X parental (A), clone X5 (B). Clone X5 was also tested in the presence of 10 mM thymidine 
(C). Inset in C shows the abrogation of the MDA-MB-231 BAG cell proliferation by 10 mM thymidine. Cells were plated and monolayers 
wounded in the presence and absence of 2 u.g/ml DOX. A photograph was taken each day for a period of 4 days and the width of the monolayer 
wound was measured. The starting size of each monolayer wound was designated as 100%. Data are presented from duplicate wells in one 
representative experiment of three independent experiments performed. In (B i. statistical analysis by General Linear Model showed significant 
differences in monolayer wound closure between the DOX-treated and untreated cells (/"-value = 0.008). 



epithelial tumours exhibit high levels of SPARC [28], 
including esophageal carcinoma [35], hepatocellular 
carcinoma [36], prostate carcinoma [37] and breast 
carcinoma [38, 39]. Despite intensive immunostaining 
of SPARC in the carcinoma parenchyma, in situ 
hybridization studies show that SPARC is usually 
produced by the surrounding stromal cells. This ap- 
pears to be the case for breast [39] and hepatocellular 
[36] carcinoma, but both stromal and parenchymal 
cells were found positive in prostate carcinoma [37], 
Ovarian carcinoma is rather unique, since the 
normal ovarian surface epithelium is positive for 
SPARC expression, and this is lost from ovarian 
carcinoma [9]. 



In vitro, SPARC is expressed in cancer cell 
lines from many origins, including glioblastoma [27], 
melanoma [7] and prostate cancer [37]. For breast 
cancer cell lines, our previous work showed SPARC 
not to be expressed by better-differentiated lines like 
T47D and MCF-7, but expressed in cell lines that 
have acquired mesenchymal features such as BT-549, 
MDA-435 and Hs578T [17]. In the present study, we 
further found that the mesenchymaMike MDA-MB- 
231 BAG cells also expressed SPARC, but at a lower 
level. This is consistent with its expression in vivo by 
carcinoma-associated fibroblasts and by tumour cells 
of mesenchymal origins. The low levels of SPARC 
produced by the MDA-MB-231 cells, and their 
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continued co-expression of keratin as well as vimentin 
[40], suggest that they may show behavioural tenden- 
cies of both epithelioid and mesenchymal cells, with 
respect to SPARC responsivity. Further analysis in a 
panel of breast cancer cell lines will be required to an- 
swer this question more fully. Approximately 10-15% 
of breast tumours show vimentin expression as a pu- 
tative indicator of mesenchymal rra/u-differentiation 
[18], however, SPARC expression has not been ex- 
amined in these. 

SPARC has various biological functions relevant 
to soft tissue remodelling, including cell migration, 
proliferation and angiogenesis [5, 8, 16, 41, 42]. 
It has also been shown to affect morphology in a 
number of cell systems, particularly normal mesen- 
chymal cells. It causes rounding of bovine aortic en- 
dothelial cells (BAE), fibroblasts and smooth muscle 
cells [5]. SPARC-null mesangial cells exhibit a flat 
morphology and an altered actin cytoskeleton, with 
vinculin-containing focal adhesions distributed over 
their center. Although SPARC-null fibroblasts did not 
display any overt differences in cell morphology, they 
responded to exogenous rSPARC by rounding up in a 
manner similar to wild-type fibroblasts [15], In con- 
trast, the U87MG glioblastoma cells transfected with 
SPARC displayed a flatter morphology with extended 
cytoplasm instead of being round as expected [27]. In 
the current study, however, we did not see any mor- 
phological effects of the induced SPARC on the MDA- 
MB-231 BAG cells either in monolayer culture or on 
3-dimensional Matrigel, nor when we added exogen- 
ous SPARC in cell culture. Induction of SPARC also 
appeared not to cause any change in adhesion of the 
cells to either type I or type IV collagen, or migra- 
tion over filters coated with type I collagen, however, 
additional ECM substrates which are found in breast 
cancers (e.g., fibronectin, vitronectin, proteoglycans) 
were not tested. It has been noted that SPARC effects 
on cell morphology are less apparent, or absent, in 
transformed cells [43]. 

Many of the reported effects of SPARC on can- 
cer cells can be associated with poor outcome. 
U87 glioblastoma cells transfected with SPARC us- 
ing tetracycline-inducible gene expression (Tet-Off) 
showed altered adhesion and increased invasion in 
vitro [27]. In a melanoma cell line, suppression of 
SPARC expression using antisense RNA significantly 
decreased in vitro adhesive and invasive capacities, 
and completely abolished in vivo tumourigenicity [7]. 
Additionally, a positive role of SPARC in the process 
of angiogenesis has been indicated [44]. In contrast, 



our transfected clones showed no increased migration 
or invasion in vitro in a variety of assays. This could 
be due to their carcinomatous nature, as ovarian car- 
cinoma cells were also shown to be suppressed rather 
than stimulated by SPARC [9]. Different response pro- 
files may be due to different SPARC receptors between 
cell types. Although cell-surface proteins have been 
shown to bind specifically to SPARC, there is no repor- 
ted or characterized receptor for SPARC [4]. SPARC 
has also been shown to induce chemotactic migration 
of the MDA-MB-231 cells [8] but we did not assess 
this type of migration here. 

With our previous work, we found that SPARC 
could induce MMP-2 activation in invasive breast can- 
cer cell lines BT-549 and MDA-MB-231. However, 
we were unable to see this effect with DOX-induced 
SPARC expression in our clones. We estimated the 
SPARC concentration accumulated by our clones after 
DOX induction to be around 5 p-g/ml, and this level 
was not high enough to elicit MMP-2 activation ef- 
fect in the previous study [17], where 25-50 u,g/ml 
SPARC was required. While these levels appear high, 
they may well be achieved in the bone environment, 
and could also reflect levels achieved by adsorption 
of SPARC to collagen matrices. Attempts to develop 
further accumulation of SPARC in our DOX-induced 
cultures, by long-term culture (up to 10 days) in 3- 
dimensional matrices collagen and Matrigel, did not 
lead to MMP-2 activation. 

SPARC has been shown to variably effect cell 
proliferation. In some cell types, SPARC seems to 
have no effect on growth while in others it is anti- 
proliferative [7-9]. We found an antiproliferative ef- 
fect in all of the transfected clones tested. This effect 
was not large but was highly reproducible. The cul- 
tured monolayer wound healing assay also confirmed 
the antiproliferative effect of SPARC in the trans- 
fected clones, since the effect was abrogated when 
proliferation was blocked with thymidine. This inhib- 
ition is consistent with that seen in ovarian carcinoma 
cells [9], and perhaps also with the increase in SPARC 
with differentiation of various systems and its loss 
from certain systems upon transformation [43]. We did 
not, however, specifically test whether cell density had 
any effect on the antiproliferative responses, other 
than the two densities used for the ceil proliferation 
and monolayer wound healing assays. Differentiated 
embryonic carcinoma cells grown at high densities ex- 
press higher levels of SPARC than their low density 
counterparts [45], and the in vitro growth of mela- 
noma cells in which SPARC was down-regulated by 
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anti&ense expression also show attenuation with the 
density of the seeded cells [7]. Perhaps in a similar 
light, angiogenenic endotheial cells respond to SPARC 
whilst non-angiogenis cells do not [46]. These con- 
siderations illustrate the complexity of SPARC biol- 
ogy, and emphasises the need for further analysis of 
SPARC effects in different cell systems. 

We do not know whether this anti-proliferative ef- 
fect is direct or indirect, since SPARC has been found 
to associate with certain growth factors. It can bind to 
vascular endothelial growth factor (VEGF) and inhibit 
VEGF-stimulated proliferation of human microvas- 
cular endothelial cells [47], and can counteract the 
proliferative effect of basic fibroblast growth factor 
on smooth muscle cells [48]. DNA staining and cell 
cycle analysis showed a decreased proportion of cells 
in S-phase in a DOX concentration-dependent man- 
ner. This suggests a role of SPARC on cell cycle 
progression to S-phase in breast cancer cell line, as 
has been reported for endothelial cells [6]. Although 
chemically modified tetracyclines can inhibit MDA- 
MB-468 human breast cancer cell proliferation shown 
by slower rate of closure in a cultured monolayer 
wound healing assay [49], we never saw this effect on 
our parental cells with up to 2|xg/ml DOX and con- 
clude that the effects that we saw were due to SPARC, 
not DOX. 

In conclusion, the effect of SPARC on breast 
cancer cells reported here appears quite different to 
that seen in melanoma or glioma cell lines. SPARC 
did not effect cell morphology, adhesive properties, 
migration or invasion, but rather inhibited prolifer- 
ation. It is possible then that SPARC is a benefi- 
cial host factor in breast cancer, unlike what has 
been reported in melanoma, meningioma and glioma 
where SPARC seems to induce an invasive pheno- 
type. Indeed, the higher levels of SPARC associated 
with more advanced breast cancers [38], and the 
inverse correlation was seen between SPARC mRNA 
expression and estrogen receptor levels in breast 
tumour biopsies [50] may represent an increased 
host effort to combat the carcinoma. The previous 
interpretation has been that the higher levels of 
SPARC seen in association with more advanced 
breast cancers indicated an adverse role for SPARC. 
However, the host may simply be making more 
SPARC in response to more pronounced cancer- 
derived signals, in a protective manner. The results 
reported here indicate that further analysis of the 
biological consequences of SPARC in breast cancers 
is warranted. 
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